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1 Introduction  
1.1 Background and objectives of this research  
The continuous generation of innovation is one of the major endeavors that firms have 
to accomplish (Drucker, 1985). Traditionally, this has been regarded as being solely in 
the realm of firms’ internal activities, such as research & development or new product 
development. Yet, knowledge and innovative ideas are widespread and abundantly 
available in firms’ environment (Chesbrough, 2003a). Enabled by advances in 
technology, these ideas may find a way to implementation other than the usual firm-
centered ones and a new perspective may be needed, therefore (Chesbrough, 2003a). In 
this regard, Henry Chesbrough (2003a) coined the term "open innovation" to 
acknowledge that in order to increase innovation performance, firms’ need to make use 
of external knowledge more systematically or “purposively” (Chesbrough, 2006a:1). 
The concept of open innovation suggests that firms make use of knowledge available in 
the external environment of their organization and combine knowledge developed inside 
the firm with knowledge generated through external search efforts (Almirall and 
Casadesus-Masanell, 2010; Lichtenthaler and Lichtenthaler, 2009).  
Open innovation processes have become an increasingly important issue of research, as 
recent reviews around open innovation indicate (Dahlander and Gann, 2010; Huizingh, 
2011; Lichtenthaler, 2011; Trott and Hartmann, 2009; Van de Vrande et al., 2010). At 
the same time, also management practice has adopted open innovation (Chesbrough, 
2006a; Dodgson et al., 2006; Huston and Sakkab, 2006; Rohrbeck et al., 2009). Extant 
research has shown that firms benefit substantially from external knowledge integration 
and the utilization of a diverse set of external partners during the innovation process 
(e.g. Baum et al., 2000; Cassiman and Veugelers, 2006; Faems et al., 2010; Katila and 
Ahuja, 2002; Laursen and Salter, 2006). But previous research has also suggested that 
openness has limitations in its positive effects for the increase and improvement of 
innovation performance. 
Openness has been shown to have an inverted U-shaped effect on innovation 
performance (Deeds and Hill, 1996; Duysters and Lokshin, 2011; Katila and Ahuja, 
2002; Knoben and Oerlemans, 2010; Laursen and Salter, 2006; Rothaermel and Deeds, 
2006). Rothaermel and Deeds (2006), for example, identify diminishing marginal 
returns to the level of alliance activity of firms, predicting an inverted U-shaped 
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relationship between the number of simultaneously managed alliances and firm 
performance. Similarly, Duysters and Lokshin (2011) find alliance portfolio diversity 
being curvilinearly related to innovation performance. In a similar vein, but with a more 
general perspective of firms’ openness, Laursen and Salter (2006) argue that a higher 
degree of openness, understood as greater diversity (breadth) and intensity (depth) of 
external search activities is not indefinitely associated with higher innovation 
performance. Rather, the authors find an inverted U-shaped relationship between 
external knowledge utilization and innovation performance. Firms improve their 
innovation performance by searching among a greater amount of external sources, yet 
this positive effect suffers from diminishing marginal returns with the increase of 
utilization levels, and even decreases from a certain degree of openness onwards 
(Laursen and Salter, 2006). In addition, external search breadth and depth impact 
differently on incremental and radical innovation performance (Laursen and Salter, 
2006). Yet, literature provides divergent findings regarding the actual impact relations. 
Laursen and Salter (2006:144-145) show that radical innovation benefits from deep 
search relations and incremental innovation performance profits from broad search, 
whereas Chiang and Hung (2010) constitute the actual opposite.  
Apparently, the positive effects of external knowledge for a firm's innovation 
performance are limited and mixed. These performance limitations mainly arise from 
the efforts and costs associated with the actual search for external knowledge but also 
from the subsequent integration efforts (Laursen and Salter, 2006). To fully utilize the 
potential external knowledge provides, firms also need to absorb and integrate the 
knowledge they acquire (Cohen and Levinthal, 1990). Thus, successful open innovation 
hinges on firms’ internal capacities to process acquired knowledge resources 
(Lichtenthaler, 2011:88). Implementing open innovation seems to pose significant 
managerial difficulties (Lichtenthaler, 2011:80). Firms may need to develop or 
implement new practices in order to benefit from open innovation (Dahlander and 
Gann, 2010; Foss et al., 2011). 
The importance of open innovation as a research topic and as a managerial practice is 
undeniable. In fact, the application of open innovation in firms shows high failure rates 
(Lichtenthaler and Lichtenthaler, 2009:1316). Albeit the recent “buzz” around open 
innovation and the opportunity to improve innovation performance by the means of 
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utilizing external knowledge it is important to understand how firms’ internal 
organization and practices exactly can facilitate their efforts to draw benefits from open 
innovation (Brunswicker, 2011; Chesbrough, 2006b). As previous studies suggested 
that open innovation can also be detrimental to firms’ innovation performance, 
understanding how the U-shaped relationship between openness and innovation 
performance can be manipulated or influenced for the benefit of the innovating firm is 
crucial. Open innovation does not imply that firms are set free of the need to coordinate 
and structure, but it requires appropriate measures by management to enhance a firm’s 
ability to process external knowledge internally (Bergman et al., 2009).  
Recent research encourages the investigation of the application prerequisites and 
conditions of open innovation (Laursen and Salter, 2006; Van de Vrande et al., 2010). 
Hitherto, however, there is only little empirical research in the existing literature on 
open innovation regarding the performance effects of utilizing external knowledge and 
the possibilities for companies to align their organizations appropriately. A few case 
studies have provided evidence of the importance of structures and process design, 
cultural context, and the implementation of certain technologies or tools for the 
successful implementation of open innovation (Chesbrough and Crowther, 2006; 
Dodgson et al., 2006; Sakkab, 2002). Other research has confirmed the effects of 
external knowledge for innovation performance (Cassiman and Veugelers, 2006; 
Laursen and Salter, 2006; Leiponen and Helfat, 2010). Yet, large-scale investigations of 
open innovation, its performance implications, and the appropriate organizational 
alignment are scarce (Foss et al., 2011; Laursen and Salter, 2006). Our study takes up 
this deficit and investigates how organizations may align with and support the new 
mode of innovating.  
Adopting a contingency theory perspective, we investigate how firms have to align their 
organization to their respective openness level and search strategy (i.e. search breadth 
and depth). Thus, this research aims at extending the existing literature by investigating 
possible moderators for the relationship between openness and innovation performance. 
Building on the most salient aspects in contingency-based examinations, this research 
investigates the alignment of firms’ organizational structure, culture, and innovation 
strategy with their level of openness (Burton and Obel, 2004; Drazin and Van de Ven, 
1985; Miles and Snow, 1978; Mintzberg, 1979). To investigate organizational 
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alignment our study follows previous research and adopts the concept of “fit”. Building 
on a fit as moderation perspective (Venkatraman, 1989), we study whether 
organizational structure, culture, and innovation strategy as contingency factors are in 
fit, either “horizontal” or “vertical”, with firms’ openness (Burton & Obel, 2004; Doty 
et al., 1993). These factors of analysis and a call for respective investigations can also 
be found in recent literature on open innovation (Lichtenthaler, 2011: 85-86; Van de 
Vrande et al., 2010:228).  
Opening up the innovation process is a discretionary activity - a strategic choice - for 
firms’ innovation management (Brunswicker, 2011). Choices regarding search 
openness, search intensity, and search directions have to be made (Bahemia and Squire, 
2010). In order to better understand open innovation and to advance extant knowledge 
for theory and managerial practice, it is necessary to understand how firms can make 
better use of their external search efforts. In sum, this research extends the literature on 
open innovation and aids managerial practice by addressing the following: 
 Investigation of the effects of external knowledge search for innovation 
performance – confirmation of inverted U-shaped relation?  
 
 Investigation of the effects of external knowledge search for radical and 
incremental innovation performance – conflicting findings in previous research?  
 
 Investigation of conditions for the facilitation of external knowledge search – 
implications of organizational structure, culture, and strategy? 
 
1.2 Research structure and thesis outline  
Commencing with this introduction, the argumentation of the present thesis contains 5 
further chapters and is summarized and illustrated in Figure 2.  
Following this introduction, Chapter 2 presents the general theoretical background of 
this research, its motivation, and research questions. In detail, Section 2.1 discusses the 
understanding of open innovation assumed for this research and its relation to more 
general theoretical aspects of organizational knowledge search. The effects of external 
knowledge search on innovation performance are discussed. Section 2.2 presents the 
findings and approaches discussed in the literature concerning opportunities for the 
management of open innovation. The need for more thorough analysis is discussed and 
the theoretical angle employed for this research is presented.  
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In its central part, this research is divided into four hypotheses-development parts in 
Chapter 3. Each section deals with one of the four major aspects of this research and is 
organized and designed in support of a subsequent journal paper preparation. 
Accordingly, each section starts with a brief introduction and continues with a 
comprehensive theory review and the respective hypotheses development. The research 
model underlying this study consists of four related investigations (Figure 1). 
 
Figure 1: Overview research studies 
Firstly, in Study I, the fundamental relation between a firm’s openness and its 
innovation performance is investigated (Section 3.1). Secondly, in Studies II to IV, the 
basic relation between openness and innovation performance is amended by a 
contingency analysis and a moderation-fit analysis of organizational structure, culture, 
and strategy characteristics (Sections 3.2 to 3.4). The chapter concludes with a summary 
and an overview of the hypotheses in Section 3.5. 
Chapter 4 presents the empirical study employed in this thesis. Section 4.1 presents the 
data collection process and descriptive characteristics of the sample. The variables of 
this research and their respective measurements are presented in Section 4.2. Section 4.3 
gives a brief overview of the methods employed. 
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In Chapter 5, the empirical results of this research are presented, following a similar 
structure and intent like Chapter 3 (preparation of journal paper modules). Section 5.5 
summarizes the key results. 
Chapter 6 discusses the results of this research. The chapter begins with the discussion 
of the theoretical implications and contributions of the results in Section 6.1. In Section 
6.2 managerial implications are discussed. Section 6.3 presents limitations of this 
research, possible opportunities for further research, and finalizes this thesis with a short 
conclusion.  
 
Figure 2: Structure of research and chapter organization 
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2 Conceptual background, research motivation, and research 
questions 
2.1 Theoretical background and empirical evidence of open innovation and 
innovation performance  
2.1.1 Definition of open innovation and conceptual understanding  
The availability of knowledge is one of the most prominent prerequisites for firms’ 
innovation activities and success (Grant, 1996; Subramaniam and Venkatraman, 2001). 
In order to generate new knowledge, firms increasingly tap into their external 
environment and utilize outside knowledge sources (Sofka and Grimpe, 2010). Utilizing 
external knowledge and combining it with the knowledge resources available inside the 
organization is said to be beneficial for firms’ innovation performance (Cassiman and 
Veugelers, 2006).  
This involvement of firm-external sources has recently been termed an “open 
innovation” model as opposed to a “closed innovation” model, which describes how 
firms traditionally managed their innovation and knowledge generation activities – in-
house, relying on their own research and development units (Chesbrough, 2003a; 
Chesbrough, 2006a). Open innovation describes an approach in which firms involve a 
wide range – with regard to amount and diversity – of outside actors in their innovation 
processes in order to leverage or exploit those parties’ knowledge (Chesbrough, 2003a).  
The importance of external knowledge for innovation performance, and, in turn, firm 
performance, has also been suggested in a number of other research fields. For instance, 
Ahuja (2000) sheds light on the effects of firms’ direct and indirect external relations for 
their innovation performance. Rosenkopf and Nerkar (2001) show the importance of 
boundary-spanning activities for technological innovation. Rothaermel (2001) 
demonstrates how important it is for established firms in the pharmaceutical industry to 
cooperate with (young) firms in the biotechnology sector, in order to adapt to 
technological changes. Also the literatures on strategic alliances and new product 
development recently added to the acceptance of external knowledge as an important 
driver of firm and innovation performance. Rothaermel and Deeds (2006), for example, 
find positive effects of firms’ alliances for firm performance. Duysters and Lokshin 
(2011) find similar effects for firms’ alliance portfolios. The involvement of external 
parties into the new product development process, ranging from customers over 
suppliers to research institutes, has been identified to be positive for firms’ innovation 
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activities and performance (Brown and Eisenhardt, 1995; Dyer, 1996; Li and Calantone, 
1998; Urban and Von Hippel, 1988; Van Echelt at al., 2008). 
In strategic management, research on dynamic capabilities (Teece et al., 1997), 
combinative capabilities (Kogut and Zander, 1992), and absorptive capacity (Cohen and 
Levinthal, 1989, 1990) or organizational adaptability (Van den Bosch et al. 1999) also 
emphasized the importance of integrating and utilizing external knowledge for the 
successful long-term development of companies. This is also shown by literature on 
knowledge transfer. The inter-organizational transfer of knowledge, hence the 
utilization of external knowledge, was shown here to be of major importance for firms’ 
(innovation) performance (Day, 1994; Lane et al., 2006; Lyles and Salk, 1996; Powell 
et al., 1996).  
In management practice, the “Connect & Develop” program of Procter&Gamble has 
become the “poster child” for the move towards open innovation. Known as a fierce 
competitor and market contester relying strongly on the strength of its in-house research 
and development capacities, Procter&Gamble today is a best-practice example of the 
turn towards open innovation. P&G has become an organization aligned to the idea of 
open innovation. The company has its own program concerned with outside knowledge 
and idea sourcing, strategy, and goals set to source up to fifty per cent of its innovations 
from outside and organizational functions dedicated to open innovation alone (Huston 
and Sakkab, 2006). The implementation of this comprehensive open innovation 
program is reported to have increased the company’s productivity and innovation 
performance significantly (Huston and Sakkab, 2006). 
Closed versus open innovation 
As argued before, the traditional view of firms’ endeavors to improve innovation 
performance was dominated by an in-house focus and an emphasis on firms’ own R&D 
efforts. Firms spent significant resources to create sufficient R&D capabilities and to 
exploit the results of these efforts (Chesbrough, 2006a; Teece, 1986). The closed 
innovation model assumes firms’ innovation success roots in the exertion of strong 
control over their innovation activities and outcomes, ensuring that the maximum 
benefit of these activities accrue to the originating firm (Chesbrough, 2003a, 2003b, 
2006a; Vanhaverbeke and Cloodt, 2006). Firms following the logic of the closed 
innovation model assume that the increase of R&D capacity in terms of budget and 
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human capital, the control over the whole span of the innovation process from idea 
generation to final sales, and strong IP regimes guarantee high returns and innovation 
success (Chesbrough, 2003a). In the closed innovation world, firms’ boundaries are 
systematically kept as impermeable as possible (Figure 3). In the open innovation 
world, on the other hand, firm boundaries are systematically opened and kept permeable 
to outside knowledge influx (Figure 3). 
 
Figure 3: Closed and open innovation model (according to Chesbrough, 2003a) 
However, with the changes the conditions in which business is conducted have seen, 
this model is no longer sustainable (Brunswicker, 2011:37). The increase of labor 
availability and mobility, the abundance of venture capital, and increased capability 
levels among external parties, such as suppliers, are among the factors which stirred this 
development (Chesbrough, 2003a). According to Chesbrough (2006a:1), the open 
innovation model is defined as:” [...] purposive inflows and outflows of knowledge to 
accelerate internal innovation, and expand the markets for external use of innovation, 
respectively”. Thus, open innovation is understood as the use of organizations’ external 
environment for both the inflow and outflow of knowledge, thus the internal application 
of external knowledge and ideas and the external application of internal knowledge and 
ideas. Accordingly, Chesbrough and Crowther (2006:229) differentiate inbound and 
outbound open innovation, whereas Gassmann and Enkel (2006) refer to outside-in 
10 
 
processes and inside-out processes.1 For this research, solely the perspective of 
knowledge inflows is assumed. 
Chesbrough’s (2003a, 2006a) understanding and definition of open innovation is a 
rather broad conceptualization of an innovation model, stressing the importance of firms 
systematically utilizing the external environment for their innovation purposes. 
Specifications of open innovation include the engagement in (strategic) alliances or 
generally, external networks (Dittrich and Duysters, 2007; Rothaermel and Alexandre, 
2009), the integration of customers or users via various methods, such as lead-user 
workshop, toolkits, or idea competitions (Jeppesen, 2005; Piller and Walcher, 2006), the 
integration of suppliers, universities, and other research institutions (Becker and Dietz, 
2004; Laursen and Salter, 2006), or the interaction with a broader, more general public 
through the means of “broadcast search” platforms (Lakhani et al., 2007) up to the 
developments around community-based innovations and the open source software 
development (Lakhani and von Hippel, 2003; von Hippel and von Krogh, 2003; West 
and Lakhani, 2008). All of these examples have in common that external knowledge is 
utilized for firms’ internal innovation aims and processes with the objective of 
improving innovation or firm performance. The efforts of firms to utilize external 
knowledge may differ with regard to source type and relationship governance type, e.g. 
contractual or non-contractual (Bahemia and Squire, 2010). In sum, however, all 
approaches resemble the core of what Chesbrough (2006a) has described as inbound 
open innovation activities. Thus, inbound open innovation can also be understood as a 
concept capturing firms’ levels of engagement with external sources (Bahemia and 
Squire, 2010:6). Or, as Lichtenthaler and Lichtenthaler (2009:1315) understand it, open 
innovation represents “[...] firms’ interorganizational knowledge transactions to extend 
their existing knowledge base”.2 
 
                                                 
1
 Gassmann and Enkel (2006) introduce a third type of open innovation, the coupled process which 
describes a combination of the other two. Examples of this may be alliances that firms engage in. These 
require both knowledge inflows and outflows. 
2
 For more detailed and comprehensive descriptions and discussions of the open innovation concept, refer 
to recent review and discussion articles (Dahlander and Gann, 2010; Elmquist, Fredberg and Ollila, 2009; 
Gassmann, Enkel and Chesbrough, 2010; Huizingh, 2011; Lichtenthaler, 2011; Trott and Hartmann, 
2009; Van de Vrande et al., 2010). 
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Open innovation and organizational knowledge search  
The search for and utilization of external knowledge and ideas in internal innovation 
processes can be regarded as the core of the open innovation model (Laursen and Salter, 
2006:132). Firms’ activities with regard to the connection with and exploitation of 
external knowledge sources can also be defined as firms’ knowledge search strategies 
(Sofka and Grimpe, 2010: 310). In other words, open innovation activities of firms find 
their expression in the specification of firms’ search strategies (Köhler et al., 2009:2).  
Organizational search is part of the organizational learning processes and varies in its 
intents – organizations may search for new organizational designs, new production 
processes, or new ideas and knowledge for the purpose of new product development 
(Katila, 2002; Katila and Ahuja, 2002). Organizational search is conceptualized as an 
activity by which organizations solve problems, and in innovation search, firms attempt 
to recombine knowledge for the objective of generating new products (Katila, 2002:6). 
By engaging in organizational search, firms expand and renew their knowledge (base), 
which puts them in a position to be more innovative and successful (Levinthal and 
March, 1981; Katila and Ahuja, 2002; Rosenkopf and Nerkar; 2001). Organizational 
search is one of the central aspects for the comprehension of firms’ innovation success 
(Nelson and Winter, 1982). This is also highlighted by Drucker (2002:96) as innovation 
is the result of “[...] purposeful search for innovation opportunities”. In sum, 
organizational knowledge search can be understood as an “organization’s problem-
solving activities that involve the creation and recombination of technological ideas” 
(Katila and Ahuja, 2002:1184).  
Organizational search processes require a lot of resources in terms of time, skills, and 
financial resources (Cohen and Levinthal, 1990; Koput, 1997; Levinthal and March, 
1993). In addition, organizational search activities may be constrained regarding the 
width of alternatives considered, as organizations and management may suffer from 
cognitive limitations (Ocasio, 1997; Gavetti and Levinthal, 2000). Accordingly, search 
processes of firms are often very localized, which means firms search along trajectories, 
within fields, and with regard to knowledge they already are familiar with (Stuart and 
Podolny, 1996). In order to stay competitive, however, firms need to overcome these 
search tendencies and renew their knowledge base, based on which skills, competences, 
and eventually product offerings are created (Leonard-Barton, 1992; Rosenkopf and 
Nerkar, 2001; Stuart and Podolny, 1996).  
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Regarding the limitations of firms’ search scope, previous research has offered several 
approaches for organizations to differentiate their search efforts and engage in more 
distant as opposed to local search. Organizational search may be differentiated 
according to the intent and the locus of their search efforts. Firms can engage in 
exploitative and explorative search, that is search within known or unknown 
(technology) fields (March, 1991). Firms can search for knowledge internally and 
externally of their firm boundaries (Rosenkopf and Nerkar, 2001; Rothaermel and 
Alexandre, 2009). Or firms may differentiate their search into supply or demand-side 
search, which refers to searching on the technology side or the market side of their 
offerings (Sidhu et al., 2007). Especially the expansion of firms’ search efforts beyond 
their organizational boundaries (Rosenkopf and Nerkar, 2001) has been shown to 
impact firms’ innovation performance strongly (Katila and Ahuja, 2002; Laursen and 
Salter, 2006; Leiponen and Helfat, 2010; Rothaermel and Alexandre, 2009).  
In sum, the importance of knowledge search for firms’ innovation performance and the 
particular emphasis that research has given to the search for knowledge outside firms’ 
organizational borders adds to the relevance of the open innovation approach as 
discussed above. For the purposes of this research, open innovation is understood as: 
Firms’ activities aimed at the generation and utilization of external knowledge for 
internal innovation purposes which materialize in firms’ external knowledge search 
strategies (Chesbrough, 2003a; Chesbrough, 2003b; Köhler et al., 2009).  
 
2.1.2 Open innovation as external search breadth and depth and innovation 
performance  
External knowledge search is constituted by two dimensions, i.e. search breadth and 
search depth (Laursen and Salter, 2006). The breadth dimension of a firm’s search 
captures the diversity of external inputs and is measured as the total amount of external 
sources being utilized by a single firm. Search depth is conceptualized as the intensity 
of the external relations a firm maintains. This is how deeply firms are drawing 
knowledge from a particular source (Laursen and Salter, 2006). Together these 
dimensions represent the degree of openness of a firm (Laursen and Salter, 2006:135). 
Both dimensions have been shown to exhibit an inverted U-shaped relation with 
innovation performance. That means, openness to external knowledge has positive 
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implications for innovation performance, yet these are limited to a certain extent of 
openness only, as from this point on firms may generate decreasing or even negative 
returns from openness (Laursen and Salter, 2006).  
Increased exposure to external knowledge inputs through the means of greater search 
breadth or depth facilitates a firm's ability to generate valuable and innovative 
knowledge. As innovation requires the recombination of different elements of 
knowledge (Henderson and Clark, 1990; Katila and Ahuja, 2002), the more diverse the 
set of knowledge sources a firm draws upon in its innovative activities, the greater are 
the opportunities for the firm to combine knowledge in complementary and novel ways, 
and thus the more likely these activities will result in innovative output. In addition, 
external search depth contributes to innovation performance improvements through the 
positive effects that strong and stable relationships exert on the opportunities to acquire 
and develop new knowledge within relationships with external parties. Deep external 
relations, for instance, facilitate the development of trust, which is an important 
foundation for the transfer of tacit knowledge that has been found to be particularly 
important for innovation performance (Dyer and Nobeoka, 2000; Hansen, 1999; Lane et 
al., 2001). However, external search, either in form of breadth or depth, is not free of 
cost. Search activities and the relations to the respective external sources need to be 
managed, as well as the acquired knowledge inputs need to be processed by the 
organization in order to exert innovation impact. The constraints that firms face with 
regard to their processing capacities mainly derive from the restraints of attentive 
resources and the limitations of operational absorption capacities (Laursen and Salter, 
2006:135).3 
These mixed effects of external knowledge for firm innovation performance have found 
confirmation also in other research. Rothaermel and Deeds (2006) find an inverted U-
shaped relation between a firm’s number of alliances and its new product development. 
Rothaermel and Alexandre (2009) find a curvilinear relation of firms’ technology 
sourcing mix and firm performance. Further, Katila and Ahuja (2002) examine firms’ 
knowledge search based on two dimensions of search: search scope and search depth. 
Search scope describes the extent to which firms search and explore new knowledge 
                                                 
3
 Please see Section 3.1 for a further discussion of the effects of search breadth and depth and their 
respective performance limitations. 
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externally, while search depth describes the extent to which a firm simply reuses its 
existing knowledge. Also here, both dimensions are found to exert a curvilinear relation 
with innovation performance (Katila and Ahuja, 2002). Search depth, hence reusing 
existing knowledge, has positive effects for innovation performance, as reapplying the 
existing knowledge leads to experience and proficiency and thus increases efficiency 
and efficacy because it makes search more predictable and less prone to errors – firms 
are better able to understand and evaluate the opportunities that the knowledge acquired 
through search provides (Katila and Ahuja, 2002:1184). Yet, these positive effects are 
limited and at one point the negative effects may outweigh the positive effects of further 
building on the same knowledge path. Paths of knowledge improvement may have 
technological limits and once these are reached, further reuse of that knowledge search 
path and the generation of further improvements may not be possible (Katila and Ahuja, 
2002).  
Search scope, on the other hand, facilitates innovation performance, as it enriches the 
available knowledge that a firm can draw from. Increasing search scope too far may 
again inhibit innovation performance improvement because the integration costs that the 
amount of knowledge entails may be too high, and thus the benefits may be 
compensated entirely. Another argument Katila and Ahuja (2002:1185) bring forward 
for explaining the assumed curvilinear relation is that innovation projects always imply 
the possibility of failure. The more innovation projects build on truly new knowledge, 
or the more new the knowledge is that innovation projects build upon, the more 
challenging it is for a firm to really understand the new knowledge requirements and 
hence, the less likely is innovation success (Katila and Ahuja, 2002:1185). Laursen and 
Salter (2006) build upon the work of Katila and Ahuja (2002) and the concept of search 
scope largely resembles that of search breadth.                                  
Extant literature largely confirms the positive effects that external knowledge has for the 
innovation processes of firms. External parties, such as suppliers, customers, competitor 
firms, or universities, all exert positive performance effects when integrated into 
innovation processes (Becker and Dietz, 2004; Belderbos et al, 2004; Faems et al, 2005; 
Miotti and Sachwald,2003; Nieto and Santamaria, 2007). The acquisition of external 
knowledge has positive implications for innovation and increasing a firm’s exposure to 
external sources and increasing the amount of sources knowledge acquired from 
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amplifies these positive effects (Amara and Landry, 2005; Faems et al., 2005; Roper et 
al., 2008; Tether and Tajar, 2008). According to Duysters and Lokshin (2011), the more 
external sources firms utilize and the more complex firms’ external search, the greater 
the potential benefits. 
Yet, only few consider the potential downsides of exposure to external knowledge 
sources in an empirical fashion (Faems et al., 2010; Katila and Ahuja, 2002; Laursen 
and Salter, 2006; Rothaermel and Deeds, 2006; Rothaermel and Alexandre, 2009). 
Likewise, only little research addresses external knowledge utilization in terms of firms’ 
search breadth and depth (Bahemia and Squire, 2009; Chiang and Hung, 2010; Sofka 
and Grimpe, 2008). Bahemia and Squire (2009) conceptualize the impact of search 
breadth and depth as well as the combination of both, which they term “ambidexterity”, 
on innovation performance (Bahemia and Squire, 2009:11). Sofka and Grimpe (2008) 
investigate how absorptive capacity influences firms’ engagement in broad or deep 
search strategies, while Chiang and Hung (2010) investigate the effects of search 
breadth and depth for incremental and radical innovation performance. 
External search breadth and depth and different degrees of innovativeness of 
innovation performance  
In addition, search breadth and depth are found to have different effects for innovation 
performance when differentiating incremental and radical innovation performance. 
Laursen and Salter (2006:144-145) show that search breadth is rather beneficial for 
incremental innovation performance, whereas search depth exerts more positive 
influence on radical innovation performance. They argue that for the generation of 
radical innovations, truly novel ideas and knowledge are needed, which are usually held 
by only a few specific external sources. Approaching them and acquiring the respective 
knowledge requires firms to engage in specific and intense, hence deep relations with 
these sources (Laursen and Salter, 2006:136-137). Incremental innovations, however, 
are about developing further product offerings which are established in markets and 
regarding which a multitude of players engage in development efforts and possess 
relevant knowledge. Thus, the firms need to engage in broad search in order to tap into 
the wide array of potentially relevant knowledge sources (Laursen and Salter, 2006:136-
137).  
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Chiang and Hung (2010) find search breadth to be positively related to radical 
innovation performance, whereas search depth is found to be positive for incremental 
innovation performance. Only through the utilization of a broad search approach can 
firms gather the amount and variety of information, knowledge, and ideas needed in 
order to generate truly novel approaches, solutions, and products (Chiang and Hung, 
2010:294). Deep search relations require substantial resource investment. Thus, firms 
may only be able to engage in a smaller, more defined number of such external 
relations, which restricts the potential to finding truly novel knowledge (Chiang and 
Hung, 2010:294). This view finds confirmation in the assertions that ideas and 
knowledge are widely dispersed today and only broad, exploratory search may enable 
firms to acquire such knowledge (Chesbrough, 2006a; March, 1991; Powell et al., 
1996). Likewise, the generation of innovation, especially radical innovation, requires 
the recombination of different, old, and new knowledge inputs (Schoenmakers and 
Duysters, 2010). Searching broadly increases the variety of the available knowledge 
pool (Katila and Ahuja, 2002:1185).  
Conclusion and research questions 
As argued above, search breadth and depth are two fundamental choices that firms can 
make with regard to their external knowledge search efforts. Both represent a 
specification of the (inbound) open innovation model. Firms can deliberately influence 
whether they search broadly or deeply and to which extent they do so, respectively. 
Breadth and depth differ regarding their intent, nature, and implementation and have 
strong implications for innovation performance. Especially, the performance 
implications of search breadth and depth justify a further examination. The proposition 
of both being curvilinearly related to innovation performance constitutes a deviation to 
the otherwise rather overly affirmative approach towards external knowledge utilization. 
At the same time, the assertion that external knowledge utilization is only of benefit up 
to a point is another aspect of discretion and strategic choice management needs to take 
into account when “designing” their external search efforts. Firms not only need to 
decide whether to search broadly and rather shallowly among a multitude of sources or 
deeply and rather intensely, but also need to bear in mind that both search activities are 
beneficial only with limitations, and thus they need to decide upon the extent of their 
respective search effort as well.  
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In sum, open innovation is a strategic activity to tap into external knowledge sources in 
order to improve innovation potential, and firms have substantial room for discretionary 
choices regarding the direction and extent of their external search. Prior research 
suggests positive and negative performance implications as well as different and 
opposing implications that external search has with regard to the degree of 
innovativeness of innovation output firms generate. In order to examine these issues, 
this thesis posits the following research questions: 
Research question #1:  
Which effects do external search breadth and depth have on innovation 
performance?  
(replication of findings in literature with different data sample) 
 
Research question #2:  
Which effects do external search breadth and depth have for different degrees of 
innovativeness?  
(inconsistent findings in literature) 
 
2.2 Aligning of organizations and open innovation 
2.2.1 Evidence on management conditions and organizational requirements for 
open innovation 
As the previous section has shown, literature and extant research have well documented 
the importance that external knowledge integration has for the possibilities of firms to 
improve their innovation performance (Chesbrough, 2003a; Duysters and Lokshin, 
2011; Laursen and Salter, 2006; Lichtenthaler, 2011). Likewise, it has been 
acknowledged that external knowledge utilization has limitations with regard to its 
positive effects on firms’ innovation performance (Deeds and Hill, 1996; Duysters and 
Lokshin, 2011; Rothaermel and Deeds, 2006). It rather exerts its influence following an 
inverted U-shaped relation (Katila and Ahuja, 2002; Knoben and Oerlemans, 2010; 
Laursen and Salter, 2006; Rothaermel and Alexandre, 2009). Hence, open innovation is 
of major importance for firms’ innovation management practices and strategies but must 
not be taken as the sole remedy to increase firms’ innovation potential. Open innovation 
does not imply that firms are relieved of the need to coordinate and structure their 
innovation activities, but it requires appropriate measures taken by management to 
enhance a firm’s ability to process external knowledge internally (Bergman et al., 
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2009:141). Hence, open innovation research appears to be incomplete on the “structural 
perspective” (Laursen and Salter, 2004:1203). Future studies should investigate "how 
different organizations organize their search processes” (Laursen and Salter, 2006:147).  
This call for a more thorough investigation of the management and organization of 
external knowledge utilization in firms has recently been repeated. Bianchi et al. 
(2011:23) assert that “there are few contributions that look at how firms organise 
themselves to make the most out of Open Innovation, i.e. on the organisational 
implications of this emerging innovation management paradigm”. Lichtenthaler 
(2011:85-86) sees a need for “[…] further insights into practices [...] for managing open 
innovation processes”. Dahlander and Gann (2010:8) ask why some firms gain more 
from openness than others and constitute that “This is a fundamental question on which 
there is surprisingly limited evidence”. They further assert that this may have to do with 
the mechanisms that firms use to benefit from open innovation (Dahlander and Gann, 
2010:9). Further, also Gassmann (2006:223) states that “[…] there is a need for a 
contingency approach regarding the management of innovation” and concluded that 
“Which of the factors that drive higher performance are preferred by open and which by 
closed innovation models need to be determined.” 
Lichtenthaler and Ernst (2009:51) remark that research dealing with appropriate 
management for open innovation needs to be further emphasized. Yet, in a review of 
literature investigating aspects of open innovation, Brunswicker (2011:46) asserts that 
“[…] the role of organizational practices for innovation in helping a firm to capture the 
value from openness is hardly investigated”. This is confirmed by Dahlander and Gann 
(2010:702), who find that until today large-scale quantitative examinations of open 
innovation are largely missing. Thus, there is a gap which cripples theoretical 
advancement and the generation of more substantial knowledge about the application of 
open innovation. This in turn puts a strain on recommendations which can be made for 
the application of open innovation by practitioners.  
Partly, these recent calls for more research on organizing for open innovation have been 
addressed by earlier studies already. Yet, many of the insights that research has 
generated on management or contingency issues regarding open innovation stem from 
various case studies. For instance, Sakkab (2002) identifies the definition of a strategy 
and the design of an overall open innovation system based on processes for open 
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innovation as crucial. Huston and Sakkab (2006:66) identify a variety of aspects to be 
important drivers of Procter & Gamble’s success with its open innovation strategy - 
crucial are openness to outside ideas and internal exchange, availability of internal 
resources for and their dedication to open innovation activities, the definition of 
responsibilities for open innovation as well as commitment by management and the 
introduction of open innovation into strategy formulation. This is confirmed by 
Chesbrough and Crowther (2006:233-234), who assert that “key success factors” for 
open innovation are firms’ cultures and organizational beliefs as well as the 
implementation of open innovation as strategic and top-down initiatives. Further, they 
report that firms did not install entirely new management systems but adapted existing 
ones to open innovation. This includes the adaptation of structures and processes, in 
which the role of specific individuals, such as champions, and the definition of 
procedures and incentive systems aligned with open innovation, were found to be most 
important. Also Witzeman et al. (2006:19) see leadership, cultural adaptation, and the 
definition of processes as crucial prerequisites for successful open innovation. Lazarotti 
and Manzini (2009:629) confirm this, as they find that open innovators exhibit a 
participative managerial style and precisely defined organizational and procedural 
arrangement. In addition, they identify high internal degrees of involvement of 
employees and management as a condition for open innovation. Another aspect is added 
by Dodgson et al. (2006:343), who describe the importance of aiding open innovation 
adoption by the utilization of different applications of information technology.   
Recent conceptual and empirical research adds to these findings. For instance, 
Lichtenthaler and Ernst (2006) argue that organizational beliefs, such as the occurrence 
of the “not-invented-here”-syndrome, negatively affect open innovation 
implementation. This finds confirmation in the study by Herzog and Leker (2010:335), 
who find NIH to be an important aspect for open innovation. A case study by Chiaroni 
et al. (2010:242) describes that before applying open innovation, firms need to change 
their structural arrangements, the evaluation processes employed, and their knowledge 
management systems. In one of the few quantitative empirical studies relying on the 
conception of new managerial practices, Foss et al. (2011:994-995) find that open 
innovation, understood here as interaction with customers, benefits from the adaptation 
of aspects such as delegation, communication, and incentives systems. Finally, adding 
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still another aspect, Lichtenthaler and Ernst (2009) find innovation strategy to be 
relevant for the success impact of inbound innovation. 
Summing up, these studies have identified a variety of conditions or factors relevant for 
open innovation. These can be subsumed as concerning firms’ organizational structures 
or structural arrangements (such as delegation, specific roles and responsibilities, or the 
definition of processes), their culture, and firms’ strategies. Beyond that, the 
deployment of certain methods, systems, and tools as well as the employment of certain 
styles of leadership was also found to be of considerable importance.   
 
2.2.2 Management of open innovation and relation to absorptive capacity 
Another stream of literature discusses the need for firms to develop certain capabilities 
in order to explore outside knowledge and to gain from open innovation (Lichtenthaler, 
2011:80). Most prominently discussed in this respect is the ability of firms to acquire 
and integrate external knowledge. As such, a firm’s absorptive capacity is of particular 
importance (Lichtenthaler and Lichtenthaler, 2009:1318). This is also reflected by other 
research which also points to the implications of absorptive capacity for open 
innovation (Foss et al., 2011: 982; Laursen and Salter, 2006:137; Lichtenthaler and 
Ernst, 2009:50; Rothaermel and Alexandre, 2009:763-764; Spithoven et al., 2011: 11; 
West and Gallagher, 2006:321).  
The term absorptive capacity was introduced by Cohen and Levinthal (1989, 1990) and 
refers to firms’ “[…] ability to recognize external knowledge, assimilate and apply it 
[…]”, respectively, for the generation of successful innovation (Cohen and Levinthal, 
1990:128). The absorptive capacity that a firm possesses can be referred to as its 
existing knowledge base and is a product of firms’ R&D activities and their respective 
learning and knowledge accumulation (Cohen and Levinthal, 1990). As such, absorptive 
capacity facilitates the knowledge utilization, since the existing knowledge firms 
possess aids in understanding and applying new knowledge (Cohen and Levinthal, 
1990; Lane and Lubatkin, 1998).  
Cohen and Levinthal (1990:133) make a distinction between “inward-looking” and 
“outward-looking” absorptive capacity, with the latter referring to firms’ actual 
interaction with external knowledge sources and the former referring to firms’ internal 
knowledge procession. Similarly, Knudsen et al., (2001:2) differentiate between “access 
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and utilisation of knowledge”, and Lichtenthaler and Ernst (2006:368) also resemble 
this distinction when they refer to the prerequisites of firms successfully realizing the 
opportunities of open innovation and demand that “[...] companies should establish an 
integrated knowledge management approach, which includes the internal management 
of the firm’s knowledge as well as the knowledge transactions with other 
organisations”. In line with this, we assume a differentiation between search and 
integration regarding firms’ knowledge utilization activities.  
Most research utilizes measures such as R&D expenditures or the number of employees 
in R&D departments to capture a firm’s absorptive capacity (Foss et al. 2011:982; 
Volberda et al., 2010:937). But absorptive capacity also has managerial or 
organizational aspects. These were already acknowledged by Cohen and Levinthal 
(1990:131) but received only little attention in subsequent research (Foss et al., 
2011:982). Lane and Lubatkin (1998), recognize the organizational aspect of absorptive 
capacity, as they determine the importance of structural similarities between knowledge 
exchange partners for the exchange’s respective success. Jansen et al. (2005), confirm 
the important implications of structural and cultural conditions for an organization’s 
absorptive capacity in their examination of different organizational aspects and their 
impact on distinct dimensions of absorptive capacity.  
As mentioned before, research on open innovation oftentimes refers to absorptive 
capacity and according to Vanhaverbeke et al. (2007:2), “[...] absorptive capacity and 
the outside-in dimension of open innovation are necessarily linked to each other.” 
Though research on absorptive capacity offers valuable insights into the organizational 
preconditions of successful knowledge integration, it leaves considerable conceptual 
and empirical aspects unresolved (Volberda et al., 2010:943) and does not directly 
connect to open innovation and firms’ efforts to engage with outside knowledge sources 
(Vanhaverbeke et al., 2007:16). While research on absorptive capacity is more specific 
about the importance of internal knowledge application and the contingency conditions 
for respective success, it oftentimes does not specify on firms’ external search strategies 
employed or sources utilized. Research on open innovation, on the other hand, is more 
specific on the actual knowledge search strategies, but offers only little insights about 
management aspects and conditions upon which success is contingent (Bianchi et al., 
2011:23; Lichtenthaler, 2011:85-86; Vanhaverbeke et al., 2007:16). Thus, our study 
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aims to directly investigate the contingency conditions for the facilitation of external 
knowledge search strategies and the application of open innovation. 
 
2.2.3 Theoretical and conceptual background of organizational alignment  
Lichtenthaler and Lichtenthaler (2009:1328) and Lichtenthaler (2011:88) argue for the 
need of firms to realign their organizations with open innovation. In order to investigate 
conditions for open innovation facilitation, this study investigates how firms can align 
their organizations with open innovation. The notion of alignment stems from research 
which defines the origins for sustainable firm performance to lay in an alignment of 
various organizational variables, such as strategy, structure, and culture (Semler, 
1997:27). This literature sees the origins of firm performance in the effective and 
efficient pursuit of firms’ goals, which in turn is supported by a “systematic agreement 
among strategy, structure, and culture within an organization” (Semler, 1997:28). In 
other words, firms’ success does not exclusively depend on any single factor, such as 
the definition of the correct strategy, or the possession of superior production skills and 
processes, but rather on the appropriate creation of an overall system in which the 
elements are mutually adjusted. The notion of alignment describes widely the same as 
terms such as “match”, “congruence”, and “fit” (Semler, 1997:24; Venkatraman 
(1989:423). This study refers in the following to the notion of fit and its respective 
analysis procedures for the investigation of organizational alignment with open 
innovation. 
The concept of fit is largely based in the domain of contingency theory. Contingency 
theory proposes that there is no one right way to design an organization, but that certain 
organizational settings fit better given the circumstances (Currie and Suhomlinova, 
2007). According to Galbraith (1973:2), there are several ways of organizing a firm and 
not each of those is equally effective. However, contingency theory assumes that 
depending on the existence of certain commonalities, dominant patterns or 
organizations may be identified (Zeithaml et al., 1988:37). Thus, whether a specific 
organizational setting is appropriate or not depends on the contextual situation, hence 
certain contingencies. An organizational contingency factor or variable is best described 
as the third variable in a relation between a variable describing any organizational 
characteristics or activities and the organization’s respective performance (Currie and 
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Suhomlinova, 2007). If an organizational characteristic is in fit with a contingency 
factor, superior performance should be the result.  
Put differently, contingency approaches assume that performance is dependent upon a 
favorable relation between organizational elements, while these elements are contingent 
upon certain other variables regarding their effectiveness (Drazin and Van de Ven, 
1985). For instance, the effectiveness of delegating decision making to individual 
business units may depend in its performance impact, hence its effectiveness, on the 
appropriate culture of the firm, encouraging own decision making and possible 
deviance, on the firm’s strategy emphasizing speed or closeness to customers, or on the 
general business environment requiring close customer interactions. 
Analysis and identification of organizational alignment  
Following Drazin and Van de Ven (1985:515), the notion of fit can be conceptualized in 
three different ways. The selection approach assumes fit or congruence between 
contingency factors and organizational characteristics on the basis of the identification 
of an alignment constituted by significant correlations between the respective variables. 
The interaction approach, or the bivariate interpretation of fit, assumes fit to be “an 
interaction effect of organizational context and structure on performance” (Drazin and 
Van de Ven, 1985:515). Hence, fit is established only if there is a significant 
performance impact of the contingency-variable relation. This approach intends to 
determine how single organizational characteristics are affected by single contingencies 
and how they together influence performance (Drazin and Van de Ven, 1985:519).  
Since the reality of organizations is characterized by multiple organizational variables, 
contingencies, and performance aspects, a third approach is proposed – the systems 
approach (Drazin and Van de Ven, 1985:519). Herein, it is assumed that fit is 
established by congruence between a set of internal variables which are consistent or in 
fit among themselves and another set of contingencies. Certain structural arrangements 
may require being accompanied by the employment of certain methods and tools – the 
implementation of decentralized structures, for instance, may require the 
implementation of certain incentive systems and both in turn may be more appropriate 
for dynamic environments (Hitt and Brynjolfosson, 1997: 98). Thus, a distinction can be 
made between the need to align internal variables and external variables, which 
resembles conceptions of fit analysis that differentiate between horizontal and vertical 
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fit (Becker and Huselid, 2006:909) or internal and external fit (Zajac et al., 2000:441). 
Contingency analyses adopting a systems approach are thus multi-contingency 
approaches and extend bivariate conceptions of contingency theory to include multiple 
variables (Burton et al., 2002:1462).  
Recent studies informed by contingency theory have adopted this comprehensive 
perspective, albeit not explicitly referring to the external-internal or vertical-horizontal 
dichotomy (Burton et al., 2002; Olson et al. 2005; Vorhies and Morgan, 2003; Zajac et 
al., 2000). Others again have adopted bivariate conceptions of fit and investigated the 
alignment of only a few variables, like Birkinshaw et al. (2002:275), who sought to 
determine the fit between knowledge characteristics and organizational structure. While 
acknowledging the shift in contingency theory towards “configurational” approaches, 
Birkinshaw et al. (2002:275) adopt a bivariate conception of fit, as they deem this 
approach to be well suited for the analysis of single contingency relations. Miller et al. 
(1992:159) assert that a sequential approach for establishing external and internal fit 
may be more feasible than aiming at obtaining overall fit. They find firms with internal 
fit often to be in external misfit and vice versa (Miller et al., 1992:175), hence aspects of 
obtaining external and internal fit may be concurrent to each other.  
According to Drazin and Van de Ven (1985:523) and Henderson and Venkatraman 
(1990:13), fit analyses adopting an interaction approach are useful, as they allow 
identifying certain bivariate relationships and their effects for performance, thereby 
focusing the attention of firms’ management and the allocation of resources. In addition, 
Fiss (2007:1180) describes that existing multicontingency or configurational approaches 
suffer from methodological shortcomings and the theoretical challenge to compile 
configurations as well as dissect individual elements’ influence. This is also remarked 
by Venkatraman (1989:432-433), who sees the critical tasks of defining which variables 
should be part of a multicontingency model, defining their respective relations, as well 
as identifying their respective performance impact. It may well be that configurations 
impact performance, but it may not be clear if they do so due to the whole or if only few 
single variables are actually important (Fiss, 2007:1182).  
An advantage of bivariate approaches and perhaps as a first step towards the generation 
of more comprehensive organizational configurations, bivariate fit analyses may aid 
identifying which variables matter and have which effects, as they allow for precise 
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isolations of specific effects and theoretical links (Venkatraman and Prescott, 1990:3). 
Reviewing advantages and disadvantages of configuration approaches versus bivariate 
approaches, Wolf (2003:356) concludes that bivariate or interactionist approaches may 
be better suited to unveil actionable relations. Configurational approaches assume a 
multitude of interrelated variables to be relevant. This adds complexity and it may not 
be possible to reliably uncover actual relations, determine single factors’ relevance, and 
thus sensible overall configurations (Wolf, 2003:356). 
In addition to defining the conceptualization of fit adopted for analysis reasons, the 
analytical understanding of fit needs to be addressed. Venkatraman (1989) proposes six 
different types of how to analytically capture fit. Most suitable and common for 
analyzing bivariate fit situations is the operationalization of fit as moderation. The effect 
of any predictor variable for a performance variable is dependent on a third variable, the 
moderator or contingency (Venkatraman, 1989: 424). The formal representation of that 
relation would be stated as Y = f (X, Z, X*Z), where Y is the dependent performance 
variable, X represents the independent (predictor) variable, and Z the second 
independent (response) variable (Venkatraman, 1989:425).  Fit as interaction now 
assumes that the effect of X on Y depends on the level of Z and is statistically 
determined through the existence of a significant interaction effect between X and Z, 
thus a significant term X*Z. In conclusion, this study adopts an understanding of fit 
based on the interaction approach, and thus examines bivariate relations based on 
analyzing respective moderation effects. 
Elements of investigation for the analysis of organizational alignment and research 
questions  
When describing organizations as configurations of basic elements, attributes such as 
strategies and structures are most often referred to (Ketchen et al., 1993:1278). The 
most known and most fundamental conceptions of organizations in management 
research all include attributes such as organizations’ strategies, structures, and cultures 
(Mintzberg, 1979; Miles and Snow, 1978). Likewise, the conception of different 
organizational types, such as organic and mechanistic by Burns and Stalker (1961), 
utilizes elements of strategy and structure. In contingency theory, the central aspects of 
analysis are the fit between firms’ structures and processes and the context, which 
contains aspects such as culture, environment, or size (Drazin and Van de Ven, 1985: 
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515). Burton et al. (2002:1463) describe a model of multiple contingencies containing 
structure, strategy, and culture as central elements. Building on the conceptualization by 
Burton et al. (2002) and Burton and Obel (2004), we focus our analysis on the 
dimensions of organizational structure as well as organizational culture and strategy as 
contingency variables. Looking at the literature in the realm of innovation-related 
topics, similar relevant contingency aspects can be found (Damanpour, 1991; 
Damanpour, 1996; Germain, 1996; Liker et al., 1999; Souder and Song, 1997).  
Before the background of open innovation, Lichtenthaler and Ernst (2006:368) assert 
that “[...] companies have to establish organizational processes and structures that 
facilitate knowledge transactions [...]” as well as undergo “[...] considerable changes in 
a company’s [...] strategy and culture”. As discussed before, the literature examining 
management aspects of open innovation recurringly identified aspects of structures, 
culture, and strategy as important, too. In this respect, however, research remains being 
encouraged - Lichtenthaler (2011:86) as well as Van de Vrande et al. (2010:230) called 
for investigating firms’ strategies and cultures as well as structures.  Previous research 
yet also has raised concerns about overwhelming organizations with the calls for 
adaptation. Lichtenthaler (2011:88) is concerned that “[...] To avoid excessive initial 
learning periods, managers may try to build on a firm’s existing organizational 
processes and structures rather than implementing entirely new open innovation 
processes.” 
Thus, we investigate the contingency effects of “traditional” attributes of firms’ 
organization, namely their structure, culture, and strategy for the performance 
implications of firms’ external search activities. Concluding, the third question guiding 
this research is as follows: 
Research question #3: 
Which contingency factors influence the performance effects open innovation? 
(extension of literature) 
3a) How does organizational structure matter? 
3b) How does organizational culture matter? 
3c) How does innovation strategy matter? 
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In sum, this research investigates the effects of open innovation for companies’ 
innovation performance and how certain contingency factors representing choices of 
managers to design and align their organization influence these effects ( Figure 4). We 
distinguish between external knowledge search breadth and search depth and investigate 
their respective contribution to overall innovation performance as well as to incremental 
and radical innovation performance (Study I). In a further step, this research establishes 
a contingency framework to analyze certain organizational features. We apply a 
bivariate conception of fit analyses for this research, yet we include multiple 
contingency elements in the analysis. The implications of organizational structure as 
well as culture and strategy are examined. Hence, we ask how external search breadth 
and depth align with the design of firms’ organizational structure (Study II). Further, 
we investigate how external search breadth and depth align with organizational culture 
and strategy (Studies III and IV).4 
 
 Figure 4: Overall research model5 
 
                                                 
4
 In contingency theory terms, the former study may represent an investigation of horizontal or internal 
fit, while the latter two studies refer to vertical or external fit.  
5
 For the purpose of providing a comprehensive overview, Figure 4 already contains the individual 
examination variables. These are introduced and described in more detail in Sections 3.1 to 3.4. 
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3 Hypotheses development 
3.1 External knowledge search strategies and innovation performance 
As discussed before, firms’ external knowledge utilization activities, hence the external 
linkages firms engage in and their respective knowledge integration efforts, have 
developed into one of the core issues in the contemporary innovation management 
literature (Huizingh, 2010:2; Trott and Hartmann, 2009:715; Van de Vrande et al., 
2010:223). As a result, firm-focused innovation management perspectives have  been 
replaced by a more comprehensive perspective on innovation, emphasizing the 
distributed and interactive character of the innovation process (Laursen and Salter, 
2006). Laursen and Salter (2006:131) refer to open innovation as strategy for external 
knowledge search. While there clearly are positive effects of extended external search 
efforts for innovation performance, firms may risk “over-searching” their environment 
or rely too heavily on external knowledge sources (Laursen and Salter, 2006:135). Thus, 
openness has limitations with regard to its positive performance implications. When 
extending external search too far, firms may even generate negative performance 
implications.  
Yet, the actual design of firms’ external search is at the discretion of companies’ 
management and its direction and extent has been shown to have considerable 
implications for innovation performance in terms of degree of innovativeness and 
magnitude of performance. This relevance of external knowledge search indicates the 
need for strengthening the evidence about external knowledge search’s performance 
effects. Therefore, we replicate the hypotheses about the effects of external search 
breadth and depth and investigate the effects on a sample we generated in the German 
manufacturing industry. In addition, this replication and the hypothesized relations are 
the base and starting point for the further investigations of management approaches 
towards the utilization of open innovation in this research (Figure 5). 
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Figure 5: Implications of external knowledge search for innovation performance - replication and 
base model 
 
3.1.1 External search breadth and innovation performance 
The breadth dimension of knowledge search is defined as "the number of different 
search channels that a firm draws upon in its innovative activities" (Laursen and Salter, 
2006:134). Based on this definition, search breadth describes the diversity of a firm's 
search activities. Scholars claim that this type of search provides flexibility and is more 
likely to remain more general in its focus, and hence provides the firm with a 
comprehensive overview of available opportunities (Chiang and Hung, 2010; Sofka and 
Grimpe, 2008). Similar, research on inter-organizational networks is arguing that 
valuable knowledge which is necessary to achieve competitive advantage is broadly 
distributed in the firm's environment. Hence, the amount of network ties, or tie 
diversity, is seen as a salient predictor of a firm's innovation performance (Powell and 
Brantley, 1992).  
Tie diversity is, in its conception, similar to the breadth dimension of organizational 
search. Tie diversity and external search breadth provide the firm with complementary 
knowledge (Leiponen, 2005) and at the same time lower the risk of information 
redundancy and risks from unforeseen developments. Exposure to knowledge from 
heterogeneous domains allows considering multiple perspectives and thus adds to the 
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firm’s repertoire of innovation ideas. In addition, knowledge inflows from diverse 
knowledge domains can help the firm to overcome tendencies to favor familiar over 
unfamiliar knowledge, and to thus avoid getting stuck in a familiarity trap (Ahuja and 
Lampert, 2001). Since innovations are considered to be results of the recombination of 
familiar and unfamiliar elements of knowledge (Henderson and Clark, 1990; Katila and 
Ahuja, 2002), the more diverse the set of knowledge sources that a firm draws upon in 
its innovative activities, the greater are the opportunities for the firm to combine 
knowledge in complementary and novel ways, and thus the more likely these activities 
are to result in innovative output.  
Yet, there are negative consequences of too much external knowledge search. These can 
be attributed to firms’ constrained capacities to absorb knowledge (Cohen and 
Levinthal, 1989, 1990; Koput, 1997). Highlighting the cognitive limitations of 
managers, the attention-based theory of the firm (Ocasio, 1997) suggests that 
managerial attention is a limited resource and that managers therefore need to 
concentrate their efforts and energy. Due to the scarceness of attention, managers can 
only concentrate on a limited number of issues and at the same time sustain an 
acceptable level of performance (Ocasio, 1997). As a consequence, with increasing 
exposure to external knowledge sources, firms face an attention and resource allocation 
problem due to information overflow. Ever more external knowledge acquisition will 
lead to knowledge increasingly being underutilized, not fully unveiling its potential, 
whereas the acquisition efforts and cost rise at the same time with the increase in 
acquisition quantity. Thus, the use of external knowledge sources is likely to exhibit 
decreasing marginal returns regarding innovation performance. Concluding from the 
above reasoning, and in line with Laursen and Salter (2006), we propose the following 
hypothesis: 
Hypothesis 1: External search breadth exhibits a curvilinear relationship (taking 
an inverted U-shape) to innovation performance. 
 
3.1.2 External search depth and innovation performance 
Additionally to the extent of a firm’s search strategy in terms of the sheer number of 
external sources, Laursen and Salter (2006) define external search depth as a further 
dimension of knowledge search, which is the degree of intensity with which firms draw 
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knowledge from external sources. External search depth is the number of external 
partners that are deeply integrated into a firm's innovation activities. Literature on firms’ 
but also social networks employs the dimension of tie strength to assess the intensity of 
the relationship between a focal firm and its external partners (Oerlemans and Knoben, 
2010a; Van Wijk et al., 2008). Tie strength distinguishes between weak and strong ties 
and increases with the frequency of interactions between partners. So, while weak ties 
are based on rather occasional and shallow interactions, strong network ties describe 
more frequent and intense relationships (Hansen, 1999; Oerlemans and Knoben, 2010a). 
The close correspondence between the deep linkages described by Laursen and Salter 
(2006) and the strong network ties addressed in the social capital and network literature 
leads to the conclusion that external search depth is conceptually similar to the count of 
strong ties that a firm maintains within its network of external knowledge sources.  
Tie strength, i.e. strong and weak ties, is related to different performance implications. 
While the attainability of higher levels of overall knowledge transfer is ascribed to 
strong network ties (Reagans and McEvily, 2003), weak ties are said to offer pathways 
to different knowledge domains, and are thus more likely to offer novel information 
(Granovetter, 1973; Tiwana, 2008). However, the close and frequent interactions taking 
place in strong tie relationships facilitate the development of mutual trust which serves 
as a catalyst for the transfer of tacit knowledge. The latter has been found to be 
particularly important for innovation performance (Dyer and Nobeoka, 2000; Hansen, 
1999; Lane et al., 2001).  
Hence, most of the knowledge transferred via strong ties is tacit in character, whereas 
the knowledge transferred in weak ties is very likely to be rather codified. At the same 
time, the establishment and maintenance of such deep linkages with external actors 
requires considerable investment (Laursen and Salter, 2006; Oerlemans and Knoben, 
2010a; Reagan and McEvily, 2003). These investments include time consuming and 
frequent face-to-face interactions as well as higher coordination efforts, or the creation 
of a mutual understanding and common knowledge (Hansen, 1999; Reagan and 
McEvily, 2003).  
Summarizing, deep search activities are likely to generate novel and innovative 
knowledge due to being more conducive to the transfer of tacit knowledge, yet these 
advantages are compensated by the costliness and complexity of creating and 
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maintaining deep relationships with external partners. We expect diminishing marginal 
returns to external search depth, meaning that firms which maintain too many intensive 
relationships will exhibit lower innovation performance. Accordingly, it is 
hypothesized: 
Hypothesis 2: External search depth exhibits a curvilinear relationship (taking 
an inverted U-shape) to innovation performance. 
 
3.1.3 Radical and incremental innovation and external search 
The effects that external search breadth and depth have for overall innovation 
performance having been postulated, external knowledge search can be further 
differentiated regarding the degree of innovativeness that the innovating firm achieves 
with its respective search strategy. This bears importance, as the different innovation 
types that firms can realize have different impacts on their overall performance and 
eventual survival (Garcia and Calantone, 2002).  
A widely accepted typology of innovation outcomes distinguishes radical and 
incremental innovation (Laursen and Salter, 2006). Radical innovations usually are 
associated with the biggest long-term performance effects (Marsili and Salter, 2005). 
However, they require the biggest departure from technologies, processes, and 
competencies employed so far in the firm (Anderson and Tushman, 1990; Tushman and 
Anderson, 1986). Incremental innovations concern the development of existing products 
and offerings and build widely on the existing technologies and competencies 
(Henderson and Clark, 1990). Following Laursen and Salter (2006), radical innovation 
implies the cooperation with only a few external sources but therefore on a high 
intensity level. That is, because radical innovations constitute a comprehensive 
departure from current proceedings in an industry and usually involve completely new 
developments, only a few external sources may be available for cooperation. For 
example, the developments in the biotechnology sector are focused around one single 
external source, which is universities (Laursen and Salter, 2006). The development of 
incremental innovations is common sense in an industry and usually several different 
actors possess knowledge regarding specific aspects of the technology. Hence, several 
external parties with valuable and necessary knowledge inputs exist, and firms need to 
be able to utilize several external sources.  
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Following this, broad external search is more conducive to incremental innovation, 
whereas deep external search is more conducive to radical innovation. Similar to 
Laursen and Salter (2006:137), we hypothesize: 
Hypothesis 3: The more radical the innovation, the less effective external search 
breadth will be in influencing innovative performance. 
 Hypothesis 4: The more radical the innovation, the more effective external search 
depth will be in influencing innovative performance. 
 
3.2 Organizational structures, external search, and innovation performance 
Hitherto, only little research exists investigating possible levers of firms to increase the 
potential to which they benefit from external knowledge (Lichtenthaler and Ernst, 
2009). To fill this gap, this section discusses contingency factors of open innovation and 
openness (Gassmann, 2006; Gassmann, et al., 2010). Recent research highlighted 
companies’ organization of external knowledge utilization as one major aspect to shed 
light on (Bianchi et al., 2011:23; Laursen and Salter, 2006:147; Lichtenthaler, 2011:86; 
Van de Vrande et al., 2010:230). In this respect, the structure that an organization 
adopts plays a major role as a determinant of successful knowledge search, transfer, and 
application (Mintzberg, 1979; Pertusa-Ortega, et. al. 2010; Rivkin and Siggelkow, 
2003). Thus, this section emphasizes three variables constituting an organization’s 
structure – specialization, formalization, and decentralization (Mintzberg, 1979; 
Pertusa-Ortega et al., 2010; Volberda, 1998) – and examines the effects these have for 
the relation between external knowledge search and innovation performance (Figure 6).  
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Figure 6: Research model - openness and the effects of organizational structure 
 
3.2.1 Organizational design and implications for firm performance 
Organizational design has been shown to impact firms’ effectiveness regarding the 
communication and processing of information (Aldrich, 1999; Clark and Fujimoto, 
1991; Galbraith and Nathanson, 1978; Mintzberg et al., 1995; Olson et al., 1995). Also, 
a firm's organizational structure has been connected to the ability of this firm to 
innovate (Argyres and Silverman, 2004; Damanpour, 1991; Eisenhardt and Tabizi, 
1995; Tidd et al., 1997), to absorb, proceed upon, and learn from external knowledge 
(Jansen et al., 2005; Lichtenthaler and Lichtenthaler, 2009; Van den Bosch et al., 1999), 
and to relate to external parties (Lane and Lubatkin, 1998). These aspects all represent 
ingredients for successful open innovation, yet the question remains as to how the 
organizational structure that a firm has implemented supports its open innovation 
activities directly. Hence in this section we investigate how firms’ broad or deep 
external search for innovation-relevant knowledge and the subsequent impact on 
innovation performance are affected by elements of organizational design. 
Research has suggested that external knowledge can only be utilized successfully when 
firms manage to modify their organizational structure to facilitate open innovation 
(Bianchi et al., 2011; Dahlander and Gann, 2010). The potential to process information 
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between internal units and these units and the external environment, respectively, is to a 
large extent determined by firms’ organizational structures (Cohen and Levinthal, 1990; 
Tushman and Nadler, 1978; Van den Bosch et al., 1999). This highlights the importance 
of a firm's structural composition in the context of knowledge integration and 
innovation. 
Likewise, Piller and Ihl (2009) propose that firms can support open innovation by 
means of an appropriate organizational design. Looking at different dimensions of 
organizational structure, the authors argue that there are favorable levels of single 
structural variables that create an adequate environment to foster external knowledge 
integration, organizational learning, and thus the generation of innovative outputs. As 
organizational learning happens through the learning of individuals within an 
organizational context facilitating or inhibiting individual learning activities (Glynn, 
1996; Lane and Lubatkin, 1998; Pertusa-Ortega et al., 2010), organizational learning is 
seen to be contingent upon the organizational structure of the firm (Lane et al., 2006). 
Organizational learning is largely dependent on a firm's contacts with external 
knowledge sources (Lane and Lubatkin, 1998). As a consequence, organizational search 
and a firm's openness towards external sources are seen as important mechanisms for 
organizational learning (Lane et al., 2006). In this regard, several studies have 
investigated the influence of organizational structure on a firm's search behavior 
(Cassiman and Valentini, 2009; Siggelkow and Levinthal, 2003; Zhang et al., 2007). 
While Siggelkow and Levinthal (2003) state that organizational structure is an 
important general determinant of search processes, Zhang et al. (2007) find more 
specifically that it is the centralization of a firm's R&D organizational structure that 
leads to a higher probability of engaging in relationships with external partners. A 
higher degree of centralization is thus associated with increased openness. Likewise, De 
Boer et al. (1999) suggest that organizational structures embodied in basic 
organizational forms affects a firm's ability to search for and utilize external knowledge. 
The authors compare three basic organizational forms (functional form, divisional form, 
matrix form) concerning their knowledge integration potential, and suggest the matrix 
form to offer the appropriate levels of flexibility and scope of knowledge integration in 
order to create knowledge integration capacity.  
Besides the ability to identify and source external knowledge, organizational learning is 
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shaped by a firm's ability to link external and internal knowledge (Bessant and 
Venables, 2008). Cohen and Levinthal (1990) refer to this capability as the inward-
looking component of a firm's absorptive capacity, and highlight its importance for 
effective organizational learning, as it facilitates efficient internal knowledge processing 
mechanisms (i.e. internal knowledge sharing). In this regard, previous studies have put 
forward the importance of organizational structure for inter-unit knowledge sharing 
(Tsai, 2002; Willem and Buelens, 2006). Organizational structure affects internal 
communication processes (Guetzkow, 1965) and also the likelihood of effective internal  
knowledge management (Lam, 2000; Nonaka and Takeuchi, 1995; Pertusa-Ortega et al., 
2010).  
Following the argument of Cohen and Levinthal (1990), external search strategies 
remain ineffective without the ability of the firm to communicate and share internally 
what has been absorbed from the environment. In other words, even if a firm 
successfully manages to search for knowledge externally and to establish and maintain 
linkages to external knowledge sources, the firm will not be able to achieve higher 
levels of innovation performance in the absence of internal knowledge-processing 
capabilities. Since a firm's openness and internal processes that facilitate organizational 
learning are both contingent upon the firm's organizational structure, it seems to be 
reasonable to expect a moderating effect of organizational structure on the relationship 
between openness and innovation performance. 
The necessity to facilitate organizational learning and innovation by means of an 
appropriate organizational design is underpinned by the suggestion of various structural 
configurations, or so called organizational models, such as the J-form (Lam, 2000), the 
hypertext model (Nonaka and Takeuchi, 1995), or the N-form (Hedlund, 1994). 
Classical conceptions suggest organizational forms such as “mechanistic” and “organic” 
organizations (Burns and Stalker, 1961) or “organizational archetypes” identified by 
Mintzberg (1979) such as “simple structure, machine bureaucracy, professional 
bureaucracy, divisionalised form and adhocracy”. 
According to Mintzberg (1980:322) and Walker and Ruekert (1987:27), these various 
ideal-type organizational forms can be resembled by a few core dimensions of 
organizational design. Although each of these alternative configurations highlights 
different elements, they overlap in fundamental design dimensions which can be found 
37 
 
as the most prevalent dimensions of organizational design in much of the extant 
research (Donaldson, 2006; Fredrickson, 1986; Miller and Dröge, 1986; Mintzberg, 
1979; Olson et al., 2005; Volberda, 1996, 1998; Vorhies and Morgan, 2003; Walker and 
Ruekert, 1987).  
Following Rivkin and Siggelkow (2003:293), who use a conceptualization by Nadler 
and Tushman (1967), three “classes of organizational elements” can be identified - 
“structural links, systems and processes, and grouping”. The first relates to 
organizations’ “vertical hierarchies” which can be understood as degree of 
decentralization of decision making, while “systems and processes” resembles formal 
procedures to guide decision making efforts and “grouping” refers to the aggregation of 
organizational tasks and units (Rivkin and Siggelkow, 2003:293). In a conceptualization 
of fit-misfit situations of organizations, Burton et al. (2002:1463) suggest centralization, 
formalization, and differentiation as central “properties” of the organizational structure 
for a respective analysis. The importance and centrality of these factors to analyses of 
organizational design is confirmed by Mintzberg (1980:325), who identifies these 
dimensions as core parameters of organizational design and Damanpour (1991:558), 
who identifies these factors, among others, as key “determinants” for innovation. 
Further, Kieser and Kubicek (1983:79) see specialization, delegation, and formalization 
as foundational elements of a conceptualization of organizational structure. Pierce and 
Delbecq (1977:29-31) suggest differentiation, decentralization, and formalization to be 
influential for certain innovation process steps. Similarly, Calantone et al. (2010:1070) 
suggest “[…] (1) (de)centralization; (2) (in)formalization; and (3) functional 
differentiation vs. integration […]” to be “the three key […] structure dimensions […]”.  
Following this discussion and differentiation, we suggest that organizational design has 
important effects for the pursuit of open innovation, i.e. the search and integration of 
external knowledge for innovation purposes. Organizational structure and its central 
dimensions are proposed to be important contingency factors for the openness-
innovation performance relation. Hence, we will conduct an analysis of specialization, 
formalization, and decentralization and their respective moderation effects for this 
relation. The following sections will explore their effects individually. 
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3.2.2 Moderation effects of organizational specialization  
The division of tasks and activities into subtasks and the assignment of these tasks to 
specific members or units of the organization as their prime activity is referred to as 
“specialization” (Mintzberg, 1979; Mintzberg et al., 2003). In firms that exhibit high 
degrees of specialization (sometimes also called "differentiation"), increased division of 
labor creates groups of specialists, who direct their efforts to a well-defined but limited 
range of activities (Ruekert et al., 1985). In such an environment, tasks are "performed 
by someone with that function and no other" (Pugh et al., 1968:73).  
Scholars have associated specialization with positive effects for firm performance. 
Specialization (a high level of horizontal differentiation) leads to higher organizational 
complexity (Pertusa-Ortega et al., 2010:313). This complexity in turn enhances a firm's 
knowledge performance, i.e. the utilization of knowledge for the generation of 
competitive advantage. This is due to accumulation and mastery of certain skills and 
abilities of specialists within their specific range of functions (Willem and Buelens, 
2006). Moreover, Pertusa-Ortega et al. (2010) suggest that specialization leads to the 
development of a common understanding and knowledge within subunits, supporting 
knowledge application, and thus, has a positive effect on what they call “knowledge 
performance”. Related to firms’ external search, Lane and Lubatkin (1998) suggest that 
prior related knowledge is conducive to searching and absorbing knowledge from 
external sources.  
Also the literature on organizational learning and the trade-off between exploration and 
exploitation – i.e. learning in new domains or learning in known domains (March, 1991) 
– has brought forward similar recommendations. The concept of ambidexterity calls for 
firms to establish separated structures, which could respectively focus on only one of 
the two activities in order to improve and sustain firm performance (He and Wong, 
2004; Tushman and O’Reilly, 1996). Following Li et al. (2008), the conflict of 
simultaneous implementation of exploration and exploitation, which is posed to an 
organization, is dependent on the level of analysis (e.g. firm, project, individual), and 
thus ambidexterity may also be achieved by specialization within units or teams without 
strict structural separation (Gibson and Birkinshaw, 2004). 
Further, specialization leads to a higher propensity to maintain relationships with 
external knowledge sources, because specialists possess a higher awareness for the need 
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to innovate (Hage, 1965; Olson et al., 2005; Ruekert et al., 1985). Rothaermel and Hess 
(2007:900) find evidence for the major importance of “star scientists” with regard to 
firms’ external knowledge search, which resemble largely the discussion around the 
importance of gate-keepers as specialized employees relating to the outside environment 
(Cohen and Levinthal, 1990; Tushman; 1977; Tushman and Katz, 1980). 
Damanpour (1991) and Damanpour and Gopalakrishnan (1998) also find specialization 
or functional differentiation to be positively related to innovation adoption and 
performance. This research even suggests that specialization has a higher impact on the 
later stages of an innovation process than on earlier stages – e.g. specialization 
positively impacts the exploration stage but even more so the exploitation stage 
(Damanpour, 1991:580).  
However, specialization is also associated with certain drawbacks. An increased 
generation of domain-specific knowledge due to high levels of specialization involves 
the development of different languages and views between the various subunits of a 
firm (Grant, 1996). Hence, specialization leads to decreasing differences within and 
increasing differences between subunits (Willem and Buelens, 2006). Although specific 
knowledge within multiple subunits indicates desirable knowledge heterogeneity at the 
firm-level, it is also associated with increasing structural and mental boundaries inside 
the firm (Olson et al., 2005; Pertusa-Ortega et al., 2010). An increase of inter-unit 
boundaries may increase the costs of communication and learning (Colombo and 
Delmastro, 2008), and thus inhibit knowledge transfer (Willem and Buelens, 2006). 
Since boundaries between subunits constitute the interfaces across which knowledge is 
transferred within the company, and each interface bears the risk of potential knowledge 
loss, a firm may not be able to fully leverage the potential of its external search strategy 
when specialization is pushed too far (Burkhardt and Küpper, 2009). Garud and 
Karaswamy (1995:98) speak of the danger of units “hoarding knowledge”. This appears 
to be a major drawback, since it requires a firm-wide dissemination of knowledge, and 
thus learning processes between subunits, for the entire firm to benefit from external 
knowledge integration (Stieglitz and Billinger, 2007).  
Van den Bosch et al. (2003) suggest that specialization, thus the division of tasks, 
equally leads to the division of knowledge. This may result in enormous efforts for re-
integrating diverse knowledge-based activities if the respective specialized activities are 
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part of a greater whole (Van den Bosch et al., 2003:95). And finally, Cohen and 
Levinthal (1990) argue that specialization undermines innovation performance by 
reducing diversity, which may be a prerequisite for accessing and absorbing new 
knowledge. Concerning external search and knowledge integration, low diversity might 
be indicated by external search being restricted only to specialists, thereby reducing the 
variety of external search.  Though specialization may facilitate external search, it may 
likewise limit the variety in external knowledge sources, as specialists tend to pursue 
“narrow” search endeavours (Van den Bosch et al, 2003:95).  
Summarizing, specialization can be regarded as supportive to external search, because it 
leaves external search to specialists (units), who may be more effective in searching 
external knowledge. Also specialization seems to be conducive to the application of 
acquired knowledge. Yet, evidence also suggests that specialization leads to a narrow 
search focus and poses significant strains on the transfer and application of knowledge. 
Thus, there is inconclusive evidence how specialization effects the relationship between 
openness and innovation performance. Hence, the following two conflicting hypotheses 
are stated: 
 Hypothesis 5a: The relation between openness to external knowledge (i.e. 
search breadth and depth) and innovation performance is negatively moderated by 
organizational specialization 
 Hypothesis 5b: The relation between openness to external knowledge (i.e. 
search breadth and depth) and innovation performance is positively moderated by 
organizational specialization. 
 
3.2.3 Moderation effects of organizational formalization  
Formalization is defined as the degree to which roles, authority relations, instructions, 
norms and sanctions, ways of communication, and procedures are defined by rules 
(Child, 1972; Khandwalla, 1977). Hence, the level of formalization reflects the 
individual firm member's degree of freedom in pursuing organizational tasks and in 
establishing intra- and inter-firm relationships (Argouslidis and Baltas, 2007; Ruekert et 
al., 1985). Formalization is often measured by the existence of job descriptions and rule 
manuals as well as control arrangements (Damanpour, 1991; Miller and Dröge, 1986). 
Research on the performance effects of formalization has generated contradictory 
results (Adler and Borys, 1996; Gupta et al., 1986; Lin and Germain, 2003; Pertusa-
41 
 
Ortega et al., 2010).  
The clear definition of rules and the assignment of distinct methods and procedures to 
functional roles in an organization yield the development of adeptness in a limited area 
of activities. This in turn results in lower error rates and higher process efficiency 
(Hage, 1965; Ruekert et al., 1985). Furthermore, formalization codifies best practices 
and provides organizational memory that facilitates the diffusion of organizational 
capabilities (for instance, capabilities of how and when to tap into external knowledge 
sources) as well as the application and the transfer of knowledge (Levitt and March, 
1988; Lin and Germain, 2003; Pertusa-Ortega et al., 2010).  
On the other hand, the strong emphasis on rules and procedures leads to unchanging 
patterns of action and reduces process flexibility, as it hinders individuals from 
deviating from established behavior (Weick, 1979). This might constitute a substantial 
drawback, since flexibility has been found to facilitate innovation processes (Aiken and 
Hage, 1971; Burns and Stalker, 1961; Damanpour, 1991). Scholars have argued that, as 
a consequence of high levels of formalization, firms might risk to ignoring important 
innovation stimuli (Jansen et al., 2006). On that note, Fredrickson (1986:287) suggested 
that formalization "[…] has the inherent ability to discourage the pursuit of 
opportunities". This might be due to the fact that formalization directs attention only 
towards restricted aspects of the firm's external environment, subsequently reducing the 
firm's scope of knowledge integration and constraining its exploration efforts (Jansen et 
al., 2005; Weick, 1979).  
Yet, it has also been argued that the existence of norms and explicit procedures 
facilitates a firm's ability to identify and integrate external knowledge, especially 
knowledge that is not directly applicable, such as scientific knowledge (Jansen et al., 
2005; Vega-Jurado et al., 2008b), and that without formalization, external search and 
integration would suffer from being “disorganized, sporadic or ineffective” (Okhuysen 
and Eisenhardt, 2002:383). Also others have associated formalization with positive 
effects for the utilization of external knowledge. Pertusa-Ortega et al. (2010) see 
formalization as a means to reduce ambiguity by providing “behavioral directives” 
(Pertusa-Ortega et al. (2010:312) rather than clear specifications of actions. The reduced 
ambiguity enhances a firm’s ability to utilize external knowledge more successfully. It 
is argued that formalization offers the necessary procedures and instruments that 
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facilitate communication with certain key knowledge sources, such as universities and 
research laboratories, and endows firms with the competence to access relevant 
scientific knowledge from these sources (Vega-Jurado et al., 2008a).  
However formalization may not only enhance knowledge search, but it may also 
improve a firm’s capacity to apply the knowledge. Through formalization, “guidelines” 
for communication and exchange can be established, thereby improving cooperation 
among employees and units (Cordón-Pozo et al., 2006; Kern, 2006). Cordón-Pozo et al. 
(2006) further argue that formalization also helps to transfer knowledge between units, 
as it lays out norms and procedures for engaging in such an exchange. Additionally, 
formalization was found to help by motivating employees to share explicit and tacit 
knowledge and by reducing costs associated with knowledge exchange (Dyer and 
Nobeoka, 2000; Jansen et al., 2005).  Formalization is said to be similar to routinization 
(Feldman and Pentland, 2003), which is argued to enable flexibility (Becker et al., 
2005) and reduce ambiguity (Pertusa-Ortega et al., 2010), which in turn may be 
beneficial for dealing with contingencies, engaging in experimentation, and creating 
new knowledge (Adler and Borys, 1996). 
We conclude that formalization enhances a firms’ ability to broadly search externally, 
mainly through the reduction of uncertainty and ambiguity, as well as to engage in deep 
external relations through the means of guidelines for interacting with individual 
sources, on the one hand. And that, on the other hand, formalization extends its positive 
implications also to the application of knowledge by means of setting norms, rules, and 
processes for internal knowledge transfer and application. Thus, the following 
hypothesis is proposed: 
 Hypothesis 6: The relation between openness to external knowledge (i.e. 
search breadth and depth) and innovation performance is positively moderated by 
organizational formalization. 
 
3.2.4 Moderation effects of organizational decentralization  
The degree of decentralization reflects the locus of decision-making power: Is decision 
authority concentrated or rather dispersed in an organization (Pfeffer, 1981)? When 
decision-making authority is closely held by a few top managers (i.e. concentrated), the 
organizational structure is referred to as “centralized”. In contrast, “decentralized” 
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structures exhibit a high degree of participation in decision-making by the members of 
an organization, since decision rights are delegated to middle- and lower-management 
levels (Aiken and Hage, 1971). Accordingly, centralization and decentralization are 
opposite ends of the same scale (Olson et al., 2005).  
Scholars of organizational theory have asserted that centralization can have a positive 
effect on innovation especially under dynamic environmental conditions (Adler and 
Borys, 1996; Gupta et al., 1986). Top-down directives, for example, offer clear lines of 
communication and involve unambiguous responsibilities. However, Colombo and 
Delmastro (2008) identify various sources of organizational failure due to concentrated 
decision authority. The authors name disadvantages, such as the occurrence of 
information transmission leaks and delays, the distortions of intra-firm communication, 
as well as information overload due to narrow communication channels. Due to 
increased levels of employee participation along all processes, decentralized 
organizations, on the other hand, tend to generate a higher variety of innovative ideas 
(Damanpour, 1991; Ullrich and Wieland, 1980). The dispersion of decision rights to 
middle- and lower-management levels enables the formation of sub coalitions and has a 
positive effect on the number of possible promoters of innovative projects (Thompson, 
1965).  
Accordingly, the literature proposes a rather negative relationship between 
centralization and firm innovativeness, or differently, associates decentralization with 
more innovative companies (Aiken and Hage, 1971). Emphasizing the positive effects 
of decentralization, Lichtenthaler and Ernst (2006) find that R&D employees' attitude 
towards external knowledge is partly a function of their involvement in corresponding 
decision-making processes. Furthermore, scholars have suggested that decentralization 
facilitates knowledge integration and knowledge sharing. Foss, Laursen and Pedersen 
(2011), for example, investigate how established firms can adapt organizational 
structure and practices in order to more efficiently leverage user and customer 
knowledge. The authors argue that decision rights should be collocated with those 
employees who are best informed about what decision is appropriate in a given context. 
Also Ruekert, Walker and Roering (1985) argue that decentralization is likely to be 
beneficial for innovating companies, since it empowers those employees who are close 
to the issue to make decisions and to implement them rapidly. Important for the external 
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search activities of a firm, Cohen and Levinthal (1990) suggest that decentralization 
increases the number of potential recipients of external knowledge, thus increasing the 
number of a firm's interfaces with the external environment. Adding to this, 
decentralization enhances the adoption of new attitudes and behaviors (Pertusa-Ortega 
et al. (2010:314), which is especially important for external knowledge use. With 
respect to knowledge sharing, previous research has suggested that decentralization 
increases the willingness to share knowledge internally (Gupta and Govindarajan, 
2000). Additionally, decentralization broadens internal communication channels and 
improves the quality of the knowledge that is shared (Sheremata, 2000).  
Adding another perspective, broad external search comes along with great requirements 
for the attention allocation of management (Laursen et al., 2007). Yet, this managerial 
attention is a scarce good (Ocasio, 1997), and decentralization provides the opportunity 
for delegation to lower management levels. Further, Laursen and Salter (2006) argue 
that deep external linkages require specific investments into the relation. Here again, 
decentralization may be conducive, as investment needs may be best known on levels 
close to the external source. Beyond that, decentralized structures facilitate the 
knowledge sharing among subunits and contribute to an increased innovativeness (Van 
Wijk et al., 2008) 
Following this and the above reasoning, the delegation of decision rights has positive 
implications for a firm’s external knowledge search activities and their performance 
effects. Thus, we propose: 
 Hypothesis 7: The relation between openness to external knowledge (i.e. 
search breadth and depth) and innovation performance is positively moderated by 
organizational decentralization. 
 
3.3 Organizational culture, external search, and innovation performance 
This section discusses a firm's organizational culture as a further contingency factor. 
Organizational culture has frequently been emphasized as being important for 
innovation performance (De Brentani and Kleinschmidt, 2004; Burns and Stalker, 1961; 
Lawrence and Lorsch, 1967). In addition, culture has frequently been highlighted as an 
important factor to implement open innovation successfully (Gassmann et al., 2010; 
Huizingh, 2011; Lichtenthaler, 2011; Van de Vrande at al., 2010). In this regard, 
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literature gives special emphasis to aspects such as communication and attitudes 
towards external knowledge (Chesbrough and Crowther, 2006; Keupp and Gassmann, 
2009; Luoma et al., 2010). Yet, overall empirical evidence for the implications of 
organizational culture remains scarce (Mortara, et al., 2010; Van der Meer, 2007). 
The aim of this part of my research is to shed light on how the cultural context that an 
organization can provide its open innovation initiatives with should be designed in order 
to be performance enhancing. In other words, this section seeks to establish criteria 
which make the (organizational) cultural context favorable to reaping the benefits of 
broad and deep external knowledge search (Figure 7). Building on the literature on 
market orientation as a cultural trait of organizations (Baker and Sinkula. 1999; 
Jaworski and Kohli, 1993), this section examines the effects of internal connectedness 
and open mindedness for the implementation of open innovation as factors determining 
a cultural openness. Additionally, the attitude prevailing in an organization regarding 
external knowledge, and as such the existence of the “not-invented-here”-syndrome, is 
examined.   
 
Figure 7: Research model - openness and the effects of organizational culture 
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External knowledge integration and organizational culture 
Research has shown that firms differ with regard to their potential to profit from open 
innovation (Lichtenthaler, 2011:89). The application of open innovation requires that 
firms are capable of utilizing the knowledge they acquire. A crucial aspect in this 
respect is the “absorptive capacity” of a firm, which refers to the ability of a firm to 
identify, assimilate, and exploit external knowledge (Cohen and Levinthal, 1990). The 
literature on open innovation has been frequently emphasizing the need for firms to 
develop respective capacities (e.g., Chesbrough, 2003a; Chesbrough, 2006a; Dodgson et 
al., 2006; Lichtenthaler, 2009, 2011).  
According to Lane et al. (2006:856), absorptive capacity consists of three distinct stages 
– the recognition of external knowledge’s value, the assimilation of knowledge, and 
eventually the application of acquired knowledge. Successful firms are able to identify 
and evaluate relevant and valuable knowledge, transfer it into internal organizational 
processes, and combine it with existing internal knowledge for the purpose of 
exploitation.  
Research has shown that the successful conduct of all these stages and absorptive 
capacity as such, are dependent on the knowledge already present in the acquiring firm 
and its relatedness to the knowledge acquired (Lane and Lubatkin, 1998). In this 
understanding, absorptive capacity represents the knowledge base of a firm, and hence 
the accumulation of prior organizational learning (Cohen and Levinthal, 1990; Lane et 
al., 2006).  
On the other hand, however, absorptive capacity itself is a process of knowledge 
absorption, and thus a learning process, which in its effectiveness also depends on the 
organizational context it operates in (Cohen and Levinthal, 1990; Jansen et al., 2005; 
Lane et al., 2006; Volberda et al. 2010). Thus, we assume here that successful open 
innovation builds on successful knowledge absorption processes and that firms need to 
provide a supportive context for the latter (Lichtenthaler and Lichtenthaler, 2009; 
Lichtenthaler 2011). The factors determining a supportive context for knowledge 
absorption and transfer processes in turn also constitute the context, and hence 
contingency factors, for the successful implementation of open innovation. 
The organizational context is constituted by formal and informal measures, or 
differently, the structure and culture of an organization (Foss, 2006). Yet, according to 
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Lane et al. (2006), only little research exists investigating those contextual factors of a 
firm’s knowledge absorption process. A recent exception to this is the investigation by 
Jansen et al. (2005), who examined the influence of several formal and informal 
coordination mechanisms on the different stages of absorptive capacity. Yet, particular 
investigations of the implications of organizational culture remain scarce (Volberda et 
al., 2009:22).  
Fundamentally, organizational knowledge absorption processes are processes of 
organizational learning (Cohen and Levinthal, 1989:569). Central to organizational 
learning is the transfer and exchange of knowledge and ideas, and thus the 
communication within the organization (Cohen and Levinthal, 1990:131-132). Without 
knowledge being shared and transferred, it will remain useless and exert only “limited 
impact on organizational effectiveness” (Inkpen, 1996:124). 
For the exchange of knowledge and ideas, which in turn is necessary for the transfer, 
integration, and application of knowledge, internal communication is a necessary 
requisite (Blazevic and Lievens, 2004; Cummings and Teng, 2003). Internal 
communication and knowledge transfer can be facilitated by organizational mechanisms 
(Jansen et al., 2005; Van Wijk et al., 2008). Yet, knowledge exchange and 
communication within a firm are also based in the culture or the informal characteristics 
of an organization (De Long, 1997; De Long and Fahey, 2000; Gupta et al., 2000; 
López et al., 2004; Matusik, 2002). The informal context bears great importance for 
knowledge absorption, as the latter also depends on the existence of a “knowledge-
sharing culture” (Daghfous, 2004:21). Or differently, knowledge transfer and sharing 
can be hampered by an internal tendency or culture to reject knowledge sharing (Sveiby 
and Simons, 2002:421). Following De Long and Fahey (2000), organizational culture 
influences knowledge management, and thus knowledge transfer, as it creates the 
context within which the organization shapes assumptions about knowledge, and the 
processes of distribution, as well as it constitutes the general context for the social 
interactions required for the exchange of knowledge. 
One feature of the informal context, which is of particular importance for internal 
knowledge transfer and application, is the internal connectedness of an organization, 
representing the degree of social integration within a firm (Jansen et al., 2005). Higher 
degrees of connectedness between units inside a firm improve the opportunities to reach 
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out to other units and make the exchange of knowledge more efficient (Galunic and 
Rodan, 1998). Connectedness helps to develop trust and cooperation between units as 
well as to build a sense of community and a common language (Rowley et al., 2000). 
Thus, the degree of connectedness between units and individuals facilitates firm-internal 
knowledge exchange (Jaworski and Kohli, 1993; Rowley et al., 2000).   
In addition, also the general sentiment of open mindedness prevalent in an organization 
facilitates learning and knowledge exchange (Baker and Sinkula, 1999). Innovation 
requires relinquishing old ways of doing things and learning new ones (March, 1991; 
Schumpeter, 1942). An organization exhibiting open mindedness is willing to question 
established views and critically reflect its course of action (Baker and Sinkula, 1999; 
Porac and Thomas, 1990). Open mindedness is crucial for organizational learning, and 
thus for the innovation performance of a firm (Baker and Sinkula, 1999). 
Further, utilizing open innovation, and thus the absorption of external knowledge, 
requires a change in the way the organization thinks about external knowledge 
(Witzemann et al., 2006:27). Lichtenthaler and Ernst (2006:368) constitute that firms 
need to reduce attitudes an organization may have which lead to a reduction of its 
potential to benefit from external knowledge. An attitudinal trait which has been 
referred to oftentimes in this respect is the “not-invented-here”-syndrome (Katz and 
Allen, 1982; Lichtenthaler and Ernst, 2006). Organizations may suffer from tendencies 
to reject or to penalize knowledge if it comes from outside the firm, just for the very 
reason that it comes from outside the firm boundaries (Herzog, 2008; Katz and Allen, 
1982; Lichtenthaler and Ernst, 2006). Before the background of open innovation, this 
tendency or cultural trait gains particular importance (Lichtenthaler and Ernst, 2006). 
And also for the effectiveness of a firm’s absorptive capacity, the occurrence of NIH 
should be given attention (Cohen and Levinthal, 1990:133). 
The importance of organizational culture and certain cultural traits, such as 
communication and connectedness, or attitudes regarding external knowledge, new 
ideas or failure, is also confirmed by research on the features of an innovation-
supportive culture. Hurley and Hult (1998:44) emphasize that cultural support for 
innovation stems from culture being learning oriented. In a review of the literature, 
Ahmed (1998:36-37) finds open communication, openness to external ideas, the 
acceptance of failure, and the integration of individuals and units to be relevant for an 
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innovation-supportive culture. Similarly, Martins and Terblanche (2003:70) find that a 
culture which positively influences aspects such as team cooperation, open 
communication, or mistake handling will be supportive for creativity and innovation. 
Tang (1999:49-50) finds intra-organizational integration, communication, and idea 
acceptance to be of relevance for innovation-supportive cultures. And McGourty et al., 
(1996) constitute that especially the promotion of new ideas and collaboration as 
behavioral dimensions of an organizational culture are important. 
In sum, of utmost importance for the success of open innovation is the effective transfer 
of knowledge throughout all the organizations’ relevant units, which is based on 
favorable conditions regarding knowledge transfer and communication. These are 
established by intra-organizational connectedness and open mindedness towards new 
ideas and failure as well as favorable general attitudes towards external or alien 
knowledge.  
Therefore, it is hypothesized: 
 Hypothesis 8: The relation between openness to external knowledge (i.e. search 
breadth and depth) and innovation performance is positively moderated by firms 
exhibiting internal connectedness. 
 Hypothesis 9: The relation between openness to external knowledge (i.e. search 
breadth and depth) and innovation performance is positively moderated by firms 
exhibiting open mindedness. 
 Hypothesis 10: The relation between openness to external knowledge (i.e. 
search breadth and depth) and innovation performance is negatively moderated by 
firms exhibiting “not-invented-here”-attitudes. 
 
3.4 Innovation strategy, external search, and innovation performance 
Heeding the calls for an investigation of contingency factors of open innovation 
(Gassmann, 2006; Gassmann, et al., 2010), this section investigates the effects of firms’ 
strategic orientation for the performance implications of external knowledge search. The 
strategic context of firms’ activities is a crucial and influential aspect of firm 
performance (Burgelman, 1983). Likewise for open innovation, the alignment of firms’ 
innovation strategy with their external search activities has been proposed as an 
important lever to increase the performance potential (Lichtenthaler and Ernst, 2009; 
Lin et al., 2006).  
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In this chapter, innovation strategy is captured along the dimensions of exploration and 
exploitation and termed, following He and Wong (2004:484), “explorative innovation 
strategy” and “exploitative innovation strategy”. The dichotomy of exploration and 
exploitation has widely been researched as an important driver of firms’ innovation 
activities and success (He and Wong, 2004; Gupta et al., 2006; Jansen et al., 2006; 
Sidhu et al., 2007), yet there is little research empirically examining the interplay of 
firms’ exploitative and explorative innovation strategies and the appropriate design of 
firms’ external search activities (Harryson et al., 2008). Adding to this, Li et al. 
(2006:30) and Vanhaverbeke et al. (2006:36) brought exploration and exploitation 
forward as two important variables to determine a context within which certain 
independent variables’ influence on dependent variables shall be investigated. 
This section addresses the effects of exploration and exploitation for the performance 
implications of firms’ external search activities, i.e. search breadth and depth (Figure 8). 
We build on network theory and the distinction between weak and strong ties and 
assume the effects of search breadth and depth to be similar to the effects of weak and 
strong ties. It is argued that pursuing an exploration orientation is advantageous for 
broad external search, whereas deep external search rather fits an exploitation 
orientation. Both breadth and depth, however, may profit from an ambidextrous external 
search orientation. 
 
Figure 8: Research model - openness and the effects of innovation strategy 
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3.4.1 Exploration, exploitation, and ambidexterity  
A prominent discussion in management research centres on the distinction of two 
learning modes or orientations: “exploration” versus “exploitation” (March, 1991) and 
the assertion that firms need to engage in both modes for securing long-term 
performance (He and Wong, 2004; Raisch and Birkinshaw, 2008; Raisch et al., 2009; 
Simsek et al., 2009). This discussion is found in the literatures on organizational change 
and adaptation, strategic management, organizational learning, and technological 
innovation (Benner and Tushman, 2003; Burgelman, 1983; Tushman and o’Reilly, 
1996; Volberda, 1996).  
Exploration is understood as “things captured by terms such as search, variation, risk 
taking, experimentation, play, flexibility, discovery, innovation”, and exploitation rather 
as “such things as refinement, choice, production, efficiency, selection, implementation, 
execution” (March, 1991:71). Levinthal and March (1993:105) see exploration as “the 
pursuit of new knowledge, of things which come to be known”, and exploitation as “the 
use and development of things already known”. Put differently, “exploration” captures 
activities to search, generate, and apply knowledge which is new and outside a firm’s 
traditional knowledge domain, whereas “exploitation” refers to the search, generation, 
and application of knowledge which is already known and part of the firm’s existing 
knowledge domain.  
In general, exploration activities are associated with radical innovations or path-
breaking developments, and exploitation is associated with incremental innovations and 
the development on an existing path or trajectory (Abernathy and Clark, 1985; 
Atuahene-Gima, 2005; Benner and Tushman, 2003; Levinthal and March 1993). In its 
original conception, March (1991) just referred to exploration and exploitation as two 
different learning modes, while stressing the differences in underlying logics, activities, 
and processes (March, 1991). Others have attempted to narrow the focus subsequently 
and differentiated exploration-exploitation with regard to technological knowledge and 
knowledge domains utilized and pursued (Rosenkopf and Nerkar, 2001; Rothaermel and 
Alexandre, 2009), market and technological knowledge (Benner and Tushman, 2003), 
or with regard to a distinction between different knowledge search loci and search 
distances (Sidhu et al., 2007). Exploration and exploitation have been considered as 
basic learning orientations of a firm (March, 1991), as knowledge search orientations 
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(Sidhu et al., 2007), or as different innovation types a firm can pursue (Jansen et al., 
2006). For this investigation, we utilize the definition of He and Wong (2004) of 
exploration and exploitation being representations of a firm’s innovation strategy. 
Consequently, exploration and exploitation are understood as two different 
specifications of a firm’s strategic orientation with regard to firms’ technological and 
product innovation (He and Wong, 2004). 
Acknowledging the importance of both directions of organizational strategic 
orientations, the literature likewise agrees that pursuing both simultaneously is as much 
a performance superior approach as it is a challenge to the organization (He and Wong, 
2004; Raisch and Birkinshaw, 2008; Tushman and o’Reilly, 1996). This challenge 
stems from the different underlying logics, routines, activities, and processes that 
exploration and exploitation entail (He and Wong, 2004; March, 1991; o’Reilly and 
Tushman, 2004). At the core of exploration, essentially, is experimentation with new 
alternatives and the intent to discover something new. The returns are rather uncertain, 
distant, and often enough negative (March 1991; Rothaermel and Deeds, 2004). The 
exploration activities of a firm are associated with the adoption of organic structures and 
loosely coupled organizations and the engagement in “variation, experimentation, and 
play” (Baum et al., 2000; He and Wong, 2004). On the other hand, exploitation 
constitutes the opposite on all these counts. It is associated with rather mechanistic and 
tightly coupled organizational structures and the utilization of “existing routines and 
experimental refinement”, while its returns are rather predictable, close, and positive 
(Baum et al., 2000; He and Wong, 2004; March, 1991).  
Besides these differences, exploration and exploitation are not completely mutually 
exclusive. Usually, exploration activities precede a firm’s opportunities to exploit; vice 
versa, exploitation lays the foundation for exploration (Rothaermel and Deeds, 
2004:203). Beyond these apparent synergetic effects, pursuing only one of the two, that 
is, to focus either solely on exploitation or solely on exploration, has several drawbacks. 
Firms focussing on exploitation become more adept in a certain area, and are usually 
inclined to further engage in building that competence and profiting from it (Levinthal 
and March, 1993). The benefits of exploitation are more immediate and certain (March, 
1991), which exacerbates the tendency to build on existing competencies, hence to 
exploit. Following this, firms face opportunity costs of exploration (Levinthal and 
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March, 1993), which may be seen as too high. Yet, technology and markets progress 
and change, and the exclusive reliance on exploiting and improving current 
competencies and products may eventually threaten the firm with obsolescence, as the 
product offer and competence on which a firm exploits may become outdated (Leonard-
Barton, 1992; Levitt and March, 1988). 
Likewise, focusing on exploration exclusively may lead firms to become trapped in 
what the literature has called “frenzies of experimentation, change, and innovation” 
(Levinthal and March, 1993:105). As exploration is associated with returns which are 
more distant and uncertain, and with competency requirements which are new and 
unknown, failure of exploration activities is likely to occur (March, 1991; Rothaermel 
and Alexandre, 2009). This may lead firms in turn to engage in ever more exploration to 
search for successful innovation and compensate for the previous failure (Levinthal and 
March, 1993:105). But, firms also need to exploit, first in order to generate the 
resources for exploration, but also to utilize and commercialize what has been explored 
before (Rothaermel and Deeds, 2004:203; Rothaermel and Alexandre, 2009:762). 
In sum, exploration and exploitation constitute two important activities that firms have 
to engage in for short- and long-term success. Both, however, are in opposition to each 
other as regards underlying logics, activities, and outcomes (He and Wong, 2004). 
These tensions of pursuing exploration and exploitation are exacerbated, as firms 
usually face resource constraints (Bower and Christensen, 1996; Garcia et al., 2003). 
Thus, firms need to manage the tensions and trade-offs between exploitation and 
exploration (He and Wong, 2004:482). Research has suggested different approaches in 
this respect, which range from the temporal separation to a structural separation or the 
combined or simultaneous pursuit of both exploration and exploitation (Benner and 
Tushman, 2003; Gibson and Birkinshaw, 2004; Tushman and o’Reilly, 1996). The 
simultaneous pursuit or the “appropriate balance” of both (March, 1991:71) has also 
been called “ambidexterity” (He and Wong, 2004:483) and was found to be of positive 
performance impact (Gibson and Birkinshaw, 2004; He and Wong, 2004). 
 
3.4.2 Exploration, exploitation and the locus of knowledge search 
As described before, research has associated exploration and exploitation with great 
importance for firms’ innovation success and prosperity. To a large extent, though, this 
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research has focussed on the origins of the trade-off between exploration and 
exploitation and how firms address this trade-off internally (Raisch et al., 2009:689). 
Less attention has been given to the locus of organizational knowledge search, and thus 
the distinction between internal and external knowledge search for exploration and 
exploitation. An exception to this is the literature on firms’ alliances.  
Rosenkopf and Almeida (2003) or Rothaermel (2001) describe how firms use alliances 
to overcome their internal resource constraints and competency deficiencies and explore 
through the formation of respective alliances. Other research has investigated the 
attempts of firms to balance exploration and exploitation through the alliances they 
maintain. Lavie and Rosenkopf (2006) establish contingencies of firms aiming at 
balancing exploration and exploitation through different alliances, and Holmqvist 
(2004) describes how firms focus either on internal exploitation and coalesce with 
external parties for exploration purposes, or vice versa.  
In a more general vein, Koza and Lewin (1998) propose to differentiate alliances of 
firms with regard to the motivation underlying their establishment, and utilized the 
exploration or exploitation motive therefor. Exploration alliances endeavour to 
complement the alliance partners’ resources and competencies to discover something 
new; and exploitation alliances aim at complementing each other in order to achieve 
greater profit potential in an existing “business activity” (Koza and Lewin, 1998:256-
257). Similarly, Grant and Baden-Fuller (2004:64) differentiate between alliances for 
mutual learning and alliances for accessing the partners’ competencies and to associate 
the former with exploration, whereas the latter is linked to exploitation. And also 
Colombo et al. (2006) propose that alliances per se are not exploratory in nature, but 
that alliances may also aim at commercialization or at accessing complementary 
resources, which is considered an exploitative aim. Adding to this, Faems et al. (2005) 
not only agree with alliances being either exploratory or exploitative in its objectives, 
but they argue for a portfolio approach regarding firms’ collaboration partners, as these 
differ with regard to their effectiveness for exploration and exploitation respectively. 
And finally, going beyond simply stating the existence of alliances with different 
motivations, Rothaermel and Deeds (2004:216) propose a system of exploration and 
exploitation alliances in which the former predict “products in development”, which in 
turn predict the occurrence of exploitation alliances and “products on the market”. 
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Also research outside the realm of firm alliances has recognized the importance of 
investigating the locus of knowledge search with an exploration-exploitation lens.  
Recently, Rosenkopf and Nerkar (2001:289) and also Rothaermel and Alexandre 
(2009:761-762) argue that both exploration as well as exploitation can be directed 
outside of the firm’s boundaries as well as inside. Rosenkopf and Nerkar (2001:289) 
introduce the distinction between organizational boundaries and technological 
boundaries which can be crossed when searching for knowledge. Crossing technological 
boundaries here constitutes exploration, whereas staying within technological 
boundaries resembles exploitation (Rosenkopf and Nerkar, 2001:289).6 The study 
suggests the superiority of search crossing organizational boundaries (i.e. external 
search) for both exploration and exploitation. In an attempt to specify firms’ external 
search activities, Sidhu et al. (2007) differentiate search into domains along supply-side, 
demand-side, and geographic spaces. They differentiate these search activities further 
into local and non-local search, and associate these characteristics with more 
exploitative and exploratory search, respectively. 
To conclude, both the literature on alliances and organizational search know and apply 
the distinction between exploration and exploitation or acknowledge firms’ external 
search activities to be either exploratory or exploitative. Thus, knowledge utilization can 
be distinguished according to where knowledge is searched for and with regard to the 
search intention or rather with regard to the kind of knowledge searched for. This hints 
at the relevance of investigating firms’ external search in connection with their 
exploration and exploitation orientations. Rosenkopf and Nerkar (2001) suggest that in 
both cases, external search is the superior search option. But, external search can be 
further specified. Lane et al. (2006:857-858), for instance, constitute a deficiency in 
clarity about the performance implications of external knowledge with regard to 
aligning it to (innovation) strategy and exploratory or exploitative search. Applying the 
distinction of external search into broad and deep external search (Laursen and Salter, 
2006), it remains unclear whether broad or deep external knowledge search better suits 
or is better accompanied by an exploration strategy or an exploitation strategy.  
                                                 
6
 Rosenkopf and Nerkar refer to exploitation as “local exploration”, as they understand exploitation to be 
an activity where no learning occurs but just the reuse of existing knowledge (Rosenkopf and Nerkar, 
2001:289). For a discussion of whether or not learning occurs with exploitation – noting that in this 
research the former strand of discussion is adopted – refer to Gupta, Smith and Shalley (2006:694). 
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3.4.3 Search breadth, search depth, and the moderation effects of exploration and 
exploitation 
Following Laursen and Salter (2006), external search can be specified according to the 
breadth and depth of search activities. Broad search displays the diversity of external 
sources and inputs and thus the multitude of external connections, whereas deep search 
designates the frequency of interactions with certain external sources and partners, and 
thus shows the intensity or strength of external connections (Katila and Ahuja, 2002; 
Laursen and Salter, 2006). The discussion about the impact of these different 
characteristics of external search can be linked to the structure and characteristics of 
firms’ networks, where a similar discussion about the effects of different characteristics 
of firms’ external relations is known (Bergenholtz, 2011). Of central importance in the 
latter is the assessment of tie strength, and thus the distinction between weak and strong 
ties (Fredberg and Piller, 2011; Granovetter, 1973; Hagedoorn et al., 2006; Rowley et 
al. 2000). 
This distinction is based on the differentiation of the frequency with which interactions 
with external partners occur (Granovetter, 1973:1361). Strong ties encompass recurring 
interactions with the same partners and oftentimes specific contractual arrangements 
(Nooteboom and Gilsing, 2004; Rowley et al., 2000). Weak ties, on the other hand, 
resemble rather infrequent and shallow interactions with changing partners who have 
lower mutual commitment (Burt, 1992; Dittrich and Duysters, 2007; Granovetter, 1973; 
Hansen, 1999). Both types of ties were found to be important for firms’ innovation 
performance. While weak ties offer access to a broad variety of information sources and 
diverse inputs, which in turn increases the chances for acquiring truly novel information 
(Krackhardt, 1992; Tiwana, 2008), strong ties draw their advantage from the 
opportunity to build trust and common understanding in a certain relation, which is 
conducive to the exchange of more specific, tacit, and fine-grained knowledge (Rowley 
et al. 2000:371). The establishment of strong ties, hence the frequent engagement with 
certain external partners, requires investment and a longer-term focus of the involved 
partners (Bergenholtz, 2011; Larson, 1992). In order to justify these investments and to 
maximize the likelihood of success, firms may restrict the choice of partners (Hansen, 
1999; Nooteboom and Gilsing; 2004; Reagans and McEvily, 2003).  
Additionally, the resources necessary to establish strong ties reduce the overall number 
of relations a firm can engage in. This in turn inhibits the search potential with regard to 
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truly novel information (Rowley et al., 2000:375). Strong ties oftentimes represent 
interactions in rather dense, small, and redundant networks of actors already in 
acquaintance with each other (Hansen 1999; Nooteboom and Gilsing, 2004). Weak ties, 
on the other hand, are less intensive with regard to mutual investment and offer bridges 
across the usual field of partners and search domains, thereby offering access to 
information sources previously unconsidered (Rowley et al., 2000). 
Hence, weak ties offer firms diversity of contacts and bridges to non-redundant 
information sources, while deep ties offer intensity of contacts, trust, and redundancy in 
relations (Simard and West, 2006; Hagedoorn et al., 2006). In other words, weak ties 
give access to many external knowledge sources with higher novelty potential, which 
resembles the effects of broad search strategies, and strong ties allow for longer-term 
interactions with higher potential for specific knowledge creation and exchange, which 
resembles the effects of deep search strategies (Laursen and Salter, 2006; Sofka and 
Grimpe, 2008). 
A significant body of research has been investigating the effects of weak and strong ties 
in connection with firms’ exploration and exploitation activities (Dittrich and Duysters, 
2007; Harryson et al., 2008; Phelps, 2010; Rowley et al., 2000). Exploration is 
associated with the search for new knowledge and ideas outside current domains, and 
exploitation, on the other hand, with refinement and development within existing 
domains (Dittrich and Duysters, 2007; March, 1991). The literature is widely in accord 
that firms pursuing exploration engage in weak tie networks versus firms aiming at 
exploitation utilize strong tie networks (Dittrich and Duysters, 2007:513).  
When searching for truly novel knowledge, thus exploration, firms need to screen a 
broad array of sources and need to have the flexibility to forego relations in case they 
prove to be of no use. Thus, a high level of commitment, as in the case of strong ties, is 
inappropriate at this stage (Dittrich and Duysters, 2007). For exploitation, though, the 
intention lies on complementing each other’s competences and engaging in longer-term 
efforts to developing further existing technologies. Hence, strong tie networks oust 
weak ones here (Dittrich and Duysters, 2007). Schoenmakers and Duysters (2006:250) 
state in this regard that weak ties are more applicable for the transfer of unrelated 
knowledge and strong ties rather for the transfer of related knowledge. As described 
before, in weak tie relationships the interaction is rather shallow and firms are less 
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familiar with each other. The lower intensity reduces the effort of maintenance and thus 
allows for broader search scope. Weak tie relations often act as bridges into unrelated 
(technological) fields (Schoenmakers and Duysters, 2006). If firms are connected by 
strong ties, they tend to be familiar with each other and stem from similar business and 
technology fields. Thus, the learning scope in weak tie networks is characterized by 
breadth and in strong tie networks by depth (Schoenmakers and Duysters, 2006:250). 
Rowley et al. (2000:384) find that strong ties are advantageous when exploitation is the 
major aim and weak ties rather fit with exploration objectives. They argue that 
appropriate network arrangements differ with the information requirements. 
Exploitation necessitates deeper and more specific knowledge, which is best transferred 
through intense relations, hence strong ties. Exploration, though, requires new and 
unique information, but more importantly, rather broad and general knowledge, which 
is best acquired through weak ties (Rowley et al., 2000:375). In other words, explorers 
tend to search broadly, while exploiters rather engage in deep searches (Rowley et al., 
2000:374). The theoretical reasoning employed here and the empirical findings are 
echoed in other literature as well. Phelps (2010:894, 906) concludes that diversity in 
networks is important for exploration and that diversity is best provided by weak ties. 
Tiwana (2008:251) constitutes that weak ties are suited for accessing novel information 
but lack the application potential. This is provided rather by strong ties. Bergenholtz 
(2011:75) sees weak ties as gateways to new knowledge and associates them with broad 
search. And finally, Harryson et al. (2008:748-749) differentiate between open networks 
and tightly coupled networks – the former being networks with mainly weak 
relationships, the latter with mainly strong relationships. Again, strong ties are best 
suited for exploration and weak ties do better for an exploitation context (Harryson et 
al., 2008:750).  
However, literature also provided different associations of tie types with exploration 
and exploitation. For instance, Rowley et al. (2000:384) cannot confirm the negative 
implications of strong ties for exploration, which were assumed based on the cost-
inflicted scope constraints that strong ties may suffer from. Rather, they conclude that 
strong ties are of particular effectiveness for exploitation and less effective for 
exploration. And Nooteboom and Gilsing (2004) argue, for instance, that both 
exploration and exploitation may benefit from stronger ties. In sum however, the 
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theoretical and empirical reasoning indicates that firms’ weak external ties are rather 
suitable for exploration activities and their strong ties rather suit exploitation activities. 
Equating weak ties in their effects with search breadth and strong ties with search depth, 
it is consequently hypothesized: 
 Hypothesis 11: Firms’ external search breadth affects innovation performance 
more strongly when an explorative innovation strategy is pursued than when an 
exploitative innovation strategy is pursued. 
 Hypothesis 12: Firms’ external search depth affects innovation performance 
more strongly when an exploitative innovation strategy is pursued than when an 
explorative innovation strategy is pursued.  
 
3.4.4 Search breadth, search depth, and the moderation effect of ambidextrous 
innovation strategy 
Exploration and exploitation are both necessary for firms’ long-term performance 
(Tushman and o’Reilly, 1996). Yet, both display different underlying logics and 
activities, which poses constraints on their parallel pursuit (He and Wong, 2004). In 
addition to the tensions arising from combining those different underlying activities, 
exploration alliances rather employ unspecified and long-term goals, whereas 
exploitation alliances build on clear and measurable short-term objectives (Koza and 
Lewin, 2000). However, the simultaneous pursuit – also termed “ambidexterity” - was 
found to be beneficial for firm performance (He and Wong, 2004; o’ Reilly and 
Tushman, 2008). Invoking again the literature on firms’ alliances, studies mostly 
propose to balance exploration and exploitation alliances within a portfolio of alliances 
that a firm maintains, or to complement internal exploitation (exploration) with external 
exploration (exploitation) in alliances in order to achieve ambidexterity (Colombo et al., 
2006; Lavie and Rosenkopf, 2006; Rothaermel, 2001; Rothaermel and Deeds, 2004).  
Yet, given the advantages research associates with a simultaneous pursuit of exploration 
and exploitation when adopting a firm-internal perspective only (Gibson and 
Birkinshaw, 2004; He and Wong, 2004) a similar superiority may exist for firms’ 
external search activities. Besides exhibiting a trade-off relation, exploration and 
exploitation also complement each other. Koza and Lewin (2000:149) refer to “hybrid 
alliances” when firms seek to utilize alliances for the joint generation of new knowledge 
as well as the joint leverage of existing knowledge and capabilities. They state an 
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example in which joint exploration activities within an alliance build upon the 
complementation of the partners’ existing competencies, which is exploitation, and thus 
argue for the advantages of the joint pursuit of exploration and exploitation within an 
alliance (Koza and Lewin, 2000:149). Rothaermel and Deeds (2004) argue for the joint 
pursuit, since exploration must be succeeded by exploitation. The generated new 
knowledge needs to be utilized and commercialized, building on the respective partners 
competencies. Thus, exploration within an alliance breeds and needs exploitation within 
the same alliance, and vice versa (Rothaermel and Deeds, 2004:203).   
The interaction of exploration and exploitation has also been found to exhibit positive 
implications for external knowledge search. Rothaermel and Alexandre (2009) find that 
adopting a balanced approach of exploration and exploitation in firms’ search behavior 
is performance-superior, as focusing on only one of the two may limit the range of 
opportunities which firms can identify and implement within or through their external 
relations.  
In a similar vein, Leiponen and Helfat (2010) investigate how the utilization of a 
multitude of external sources and the pursuit of several innovation objectives influence 
innovation performance. They argue that utilizing a multitude of external sources as 
well as pursuing multiple innovation objectives positively influences innovation 
performance. Further, they argue that both – multiple goals and multiple sources – 
exhibit positive interaction effects for increasing innovation performance (Leiponen and 
Helfat, 2010:226). Increasing the amount of sources utilized and goals pursued 
increases the chances of finding relevant knowledge and ideas (Leiponen and Helfat, 
2010). Building on the idea of “sampling models” they argue that the more objectives a 
firms pursues, the greater the likelihood of finding something which matches a given 
goal and is successful. Similarly, increasing the amount of sources utilized – given 
uncertainty about the quality of sources – increases the odds of finding partners and 
information which will be influential for success. Hence, the logic here is that the more 
often firms draw from the pool of sources and objectives, the more likely these draws 
will be leading to eventual success (Leiponen and Helfat, 2010:225).  
Further, also the cognitive constraints that managers and firms may suffer from when 
searching for ideas and knowledge may inhibit innovation success. Firms are likely to 
search too narrowly and thus forego opportunities of finding valuable knowledge. 
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Again, by pursuing a multitude of goals and sources, firms can counteract these 
tendencies (Leiponen and Helfat, 2010:226). These aspects are also echoed by other 
research stating that greater openness to external knowledge sources and a greater 
number of objectives increase the odds of finding feasible options for the recombination 
of old and new knowledge, and thus the opportunities for successful innovation (March, 
1991; Katila, 2002; Katila and Ahuja, 2002; Nelson and Winter, 1982; Utterback, 
1994).  
Leiponen and Helfat (2010:228) build on the concept and measure of ambidexterity for 
capturing the multitude of innovation objectives. They find both the amount of sources 
and objectives to be positive for innovation success, yet they cannot constitute any 
interaction effects of the two. Doganova et al. (2009:21), however, find ambidextrous 
alliances to be more efficient for product innovation. And also Katila and Ahuja (2002: 
1186) find that the pursuit of familiar and unfamiliar knowledge makes knowledge 
search more likely to be productive, and conclude that an intersection of both is most 
fruitful. Combining exploitation and exploration allows for the application of what is 
already understood and mastered to newly generated knowledge and solutions and, vice 
versa, the enrichment of the things already mastered by new knowledge, approaches, 
and ideas (Doganova et al., 2009:21; Katila and Ahuja; 2002:1191). Or differently, 
exploitation provides higher certainty, and thus higher probability of innovation (March, 
1991), whereas exploration provides greater potential for higher innovativeness of 
innovation performance. Thus, both in combination should improve the innovation 
potential of firms’ knowledge search (Doganova et al., 2009). 
Consequently, it may be beneficial for firms to set a multitude of innovation objectives 
for their external search activities, and the combination of exploration and exploitation 
in their innovation strategy as ambidextrous innovation strategy may supersede 
“specialized search strategies” (i.e. exploitative or explorative innovation strategy) for 
the direction of knowledge search. Thus, the following hypotheses are stated:  
 Hypothesis 13: The relation between openness to external knowledge (i.e. 
search breadth and depth) and innovation performance is positively moderated by the 
pursuit of an ambidextrous innovation strategy (i.e. multiple innovation objectives). 
 Hypothesis 14: Firms’ external search (i.e. breadth and depth) affects 
innovation performance stronger with an ambidextrous innovation strategy than with 
specialized ones. 
62 
 
3.5 Summary of theoretical discussion and hypotheses 
This chapter has introduced the theoretical background of this research. Fourteen 
hypotheses regarding the impact of search breadth and depth on innovation performance 
as well as the possible contingency or moderation effects of organizational structure, 
culture and innovation strategy were posited. In detail, we asked: 
What are the effects of external knowledge search for innovation performance? 
We differentiated firms’ external knowledge search along the dimension of search 
breadth and search depth. The former simply takes account of the number of external 
sources being utilized, whereas the latter is the count of all sources with a certain 
importance to the firm or frequency being used, thus search depth takes account of the 
number of intense external relations. It was hypothesized that external search, either as 
broad or as deep external search, enhances firms’ innovation performance but only up to 
a certain point. Due to costs associated with external search, the performance 
implications of increasing external search activities were hypothesized to become 
negative from a certain point onwards. Beyond this, when differentiating the innovation 
output, it was assumed that search breadth decreases in effectiveness and search depth 
increases in effectiveness with an increase of the degree of innovativeness, that is from 
incremental innovation performance to radical innovation performance. 
As openness was assumed to have an inverted U-shaped influence on innovation 
performance, the question arises, by which means this relation can be manipulated to 
the advantage of the respective firm. Thus, in the further sections we introduced several 
contingency factors possibly influencing the relation between openness and innovation 
performance, and asked: 
What are the implications of organizational structure for the relation between 
external knowledge search and innovation performance? 
In Section 3.2 organizational structure and, as such, the degrees of specialization, 
formalization, and decentralization were described, arguing that formalization and 
decentralization would positively affect the potential of firms to benefit from external 
search, whereas specialization was hypothesized to either exert positive or negative 
influences on the relation between external knowledge search breadth and depth and 
innovation performance. By allowing for certain decisions to be taken on lower levels 
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of the organization, decisions may be made faster. Additionally, decisions may be made 
before the background of better information about the actual current technological and 
market needs and possibilities. Altogether, that might contribute to an increase in the 
potential that firms can realize from their external knowledge search activities. 
Searching for knowledge outside firm boundaries is an endeavor which entails 
uncertainties and treading unknown fields or relating to unknown sources. Predefined 
procedures for the conduct of such activities may alleviate uncertainty and facilitate 
search and knowledge transfer, hence influence open innovation performance 
positively. Implementing specialized functions, however, may be of detriment to open 
innovation performance, as it puts a severe strain on internal knowledge procession, 
which hampers the performance potential of open innovation eventually. 
What are the implications of organizational culture for the relation between 
external knowledge search and innovation performance? 
Section 3.3 examined the implications of organizational culture or aspects of the 
informal organization of a firm. The degree of open mindedness and internal 
connectedness were posited to be of positive influence through their respective positive 
effects for internal communication and knowledge transfer. Being open to new ideas 
and deviating approaches as well as the degree to which employees can approach their 
colleagues within and across unit boundaries facilitates the exchange of new knowledge 
and ideas, and thus may strengthen the potential that firms can draw from external 
knowledge search. The existence of negative attitudes towards external knowledge, 
though, influences firms’ potential benefits from openness negatively.  
What are the implications of innovation strategy for the relation between external 
knowledge search and innovation performance? 
In the fourth section of Chapter 3, the interaction of external search and innovation 
strategy was discussed. It was hypothesized, for instance, that firms profit more from 
broad external search when adopting an exploration-focused innovation strategy, while 
on the other hand, deep external search would be facilitated by the adoption of an 
exploitation-focused innovation strategy. As exploration intends to leave traditional 
ways of doing things and to find truly new ideas and solutions, broad knowledge search 
may be the better option to do so, as only via broad search efforts are firms able to 
screen a broad array of different knowledge sources efficiently. Deep search relations, 
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however, profit more from the focus being on exploitation. Developing existing 
offerings and approaches further requires specific knowledge and experiences and 
perhaps longer-term efforts. All this is better provided or supported by intense search 
relations. The pursuit of an ambidextrous innovation strategy, that is, the pursuit of both 
exploration and exploitation at the same time and in a balanced way, was hypothesized 
to be performance superior to the adoption of either solely an exploration- or 
exploitation-oriented innovation strategy. The pursuit of several and  diverse innovation 
aims or goals facilitates the success of firms’ search efforts, as it becomes more likely 
that appropriate ideas or solutions can be found or, knowledge found matches 
organizational innovation objectives. 
All the proposed hypotheses are presented in a comprehensive overview in Table 1. 
 
# 
Hypotheses 
Hypotheses 
RQ 1 External knowledge search strategies and innovation performance 
1 
External search breadth exhibits a curvilinear relationship (taking an inverted U-
shape) to innovation performance. 
2 
External search depth exhibits a curvilinear relationship (taking an inverted U-shape) 
to innovation performance. 
RQ 2 External knowledge search strategies and degrees of innovativeness  
3 
The more radical the innovation, the less effective external search breadth will be in 
influencing innovative performance. 
4 
The more radical, the innovation the more effective external search depth will be in 
influencing innovative performance. 
RQ 3a Organizational structures, external search, and innovation performance 
5a 
The relation between openness to external knowledge (i.e. search breadth and depth) 
and innovation performance is negatively moderated by organizational specialization. 
5b 
The relation between openness to external knowledge (i.e. search breadth and depth) 
and innovation performance is positively moderated by organizational specialization. 
6 
The relation between openness to external knowledge (i.e. search breadth and depth) 
and innovation performance is positively moderated by organizational formalization. 
 
7 
The relation between openness to external knowledge (i.e. search breadth and depth) 
and innovation performance is positively moderated by organizational 
decentralization. 
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RQ 3b Organizational culture, external search, and innovation performance 
8 
The relation between openness to external knowledge (i.e. search breadth and depth) 
and innovation performance is positively moderated by firms exhibiting internal 
connectedness. 
9 
The relation between openness to external knowledge (i.e. search breadth and depth) 
and innovation performance is positively moderated by firms exhibiting open 
mindedness. 
10 
The relation between openness to external knowledge (i.e. search breadth and depth) 
and innovation performance is negatively moderated by firms exhibiting “not-
invented-here”-attitudes. 
RQ 3c Organizational strategy, external search, and innovation performance 
11 
Firms’ external search breadth affects innovation performance more strongly when 
an explorative innovation strategy is pursued than when an exploitative innovation 
strategy is pursued. 
12 
Firms’ external search depth affects innovation performance more strongly when an 
exploitative innovation strategy is pursued than when an explorative innovation 
strategy is pursued. 
13 
The relation between openness to external knowledge (i.e.  search breadth and 
depth) and innovation performance is positively moderated by the pursuit of an 
ambidextrous innovation strategy (i.e.  multiple innovation objectives). 
14 
Firms’ external search (i.e. breadth and depth) affects innovation performance 
stronger with an ambidextrous innovation strategy than with specialized ones. 
Table 1: Summary of proposed hypotheses 
 
 
 
 
 
 
 
 
 
 
 
66 
 
 
4 Empirical strategy 
The following chapter describes the empirical strategy used to test the hypotheses and is 
organized as follows. First, the data collection and sample description are presented. 
Following this, the measures for the variables are presented, and the methods applied 
for investigating the hypothesized relations will be briefly discussed.  
4.1 Data collection and sample description  
The empirical part of this analysis is based on cross-sectional data from the RWTH-
Innovationsmonitor, a survey which was conducted by the RWTH Technology and 
Innovation Management Group in 2010. The study aimed at the identification of 
management practices that increase firm’s innovation performance. In particular, the 
survey sought to generate insights into the current state of firms’ management practices 
for innovation management and external knowledge search.  
As source for the basic survey population the Amadeus database was used to preselect a 
sample of firms. Amadeus is a commercial database providing financial and firm-level 
information on over 10 million privately and publicly owned firms across Europe 
(Bureau van Dijk, 2010). The basic sample selected from Amadeus contained a total of 
3,709 firms from the German manufacturing sector. Additionally, we only selected 
firms for which we could obtain data regarding financial performance, and other criteria 
through the Amadeus database. The selected firms were contacted via telephone in 
order to identify a contact person responsible for innovation-related activities and with a 
good overview of the respective firm’s organization and strategy (e.g. head of R&D 
departments or leading innovation managers). Managers who were willing to participate 
received personalized emails containing a link leading to the 7-page online 
questionnaire of the RWTH-Innovationsmonitor.  
Relying on single informants is justified by the fact that the questions in our survey 
concern strategic issues, and thus require a good and thorough picture of a company’s 
activities. Usually this requires targeting respondents on higher management levels. 
However, common method bias may be a concern. To alleviate this concern, we 
employed measures as proposed by Podsakoff at al. (2003). We assured absolute 
anonymity regarding the answers and information provided. Further, the survey 
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instrument was generated very carefully in order to ensure utmost precision in the 
questions. This means, we adapted measures from existing literature and pre-tested 
these and the whole survey comprehensively and repeatedly on a small sample of 
innovation management practitioners. Additionally, we motivated the respondents to 
answer as accurately as possible by the option of receiving a benchmark report 
(Rothaermel and Alexandre, 2009), and we accompanied the survey by an official 
university cover letter.  
The major part of the online questionnaire is based on the questions and measures used 
in the Eurostat Community Innovation Survey (CIS),  described in the Organization for 
Economic Cooperation and Development’s (OECD) Oslo Manual (OECD, 2005). The 
CIS questionnaire has a long tradition in innovation management literature and its 
measures have been extensively pretested and used in multiple other previous studies 
(Cassiman and Veugelers, 2006; Laursen and Salter, 2006; Leiponen and Helfat, 2010). 
We hence assume a very high reliability and validity of these measures. Moreover, 
compared to traditional measures of innovation performance (e.g. the analysis of patent 
citation data), CIS measures are gathering information on innovation activity in a 
“subject-oriented” way (Laursen, 2011:717) by asking respondents about the innovation 
output of their firm. This is seen as complementary way to traditional measures to elicit 
information about innovation performance. For example, besides the fact that not all 
innovations are necessarily patented, patent data analysis rather offers a proxy for firms’ 
appropriability strategy than for their innovation performance (Laursen and Salter, 
2006). In contrast, CIS measures indicate whether firms have actually been able to 
benefit from their innovation activities. Firms are asked to disclose information on the 
share of revenue that they ascribe to innovations with different degrees of novelty. 
Further, the CIS questionnaire consists of questions regarding a firm’s reliance on 
external partners and knowledge sources (by means of importance-weighted measures) 
as well as a firm’s R&D investments and the employment of distinct innovation 
practices.  
Measures of the RWTH-Innovationsmonitor that were not directly applicable from the 
CIS survey instrument were adapted from existing scales after reviewing the literature 
on organizational structure, culture, and strategy and external knowledge search and 
innovation performance. Before sending out the survey, we pre-tested the questionnaire 
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with the help of a group of managers from innovation management backgrounds. The 
feedback was used to adapt the instrument and thus establish a better understanding of 
the survey and increase the content validity.  
After closing the data gathering process, 384 replies were received. To increase the 
response rate, a reminder e-mail was sent out three weeks after the initial mailing was 
initially sent. This was accompanied by follow-up phone calls to the firms which had 
initially indicated willingness to participate in the survey but had not responded up to 
that point. A final reminder e-mail was sent out a few weeks after that.7 
In this research we use subsets of 370 and 365 firms, respectively. These derived after 
adjusting for reported innovation activities and missing values in the respective 
measures of concern, and indicate a response rate of values between 10% and 9.8%. As 
we aimed our survey mostly at respondents from higher management levels, a relatively 
lower response rate is acceptable. For online surveys, a response rate of around 10% is 
usually regarded as sufficiently acceptable (Klassen and Jacobs, 2001: 724). 
Still, the fact that a great amount of firms did not reply to our survey leaves questions 
about the representativeness of our sample for the original population and a possible 
non-response bias. This can be examined by a comparison of variables which are known 
for the base population and the sample as well as a comparison of variables between late 
and early respondents, respectively. After generating dummy variables for sample 
versus non-sample and late versus early respondent firms, we compared firms by 
regressing the dummy variables on certain demographic and model variables. Firms in 
the sample and firms from the initial population were compared with regard to their age, 
size in terms of assets and employees, their average revenues, and average profit. 
Additionally, we examined differences of late and early responding firms with regard to 
certain model variables. By and large, no appreciable differences were detectable. The 
comparison did not reveal major concerns about the representativeness and non-
response bias. Only with regard to their size did firms in the sample show significant 
differences. The sample contains larger firms on average than the overall population.8 
                                                 
7
 The survey and the invitation letters can be found in Appendices 1 and 2.  
8
 With regard to firm size, Bianchi et al. (2011) assert that large firms are more advanced in their adoption 
of open innovation strategies than small- and medium-sized firms. Hence, the presence of rather larger 
69 
 
The breadth dimension slightly differs when comparing late respondents and early 
respondents. Also, there are slight differences between early and late respondents 
regarding the strategy dimensions of our investigation. Late respondents have slightly 
higher breadth values than early respondents as well as slightly higher values for 
exploration and exploitation.9 
All survey questions regarding organizational practices refer to the average of a three-
year period from 2007 to 2009. The innovation outcomes were required to be evaluated 
only for the last year of that period. By doing so, we attempted to temporally separate 
the independent and the dependent variables in order to account for time lags between 
innovation activities and innovation outcomes. This also adds to overcoming potential 
common method bias concerns (Rothaermel and Alexandre, 2009). 
The information from the survey provides some general insights into the characteristics 
of the sample’s firms (Table 2). Firms in the sample are from six different fields of the 
German production sector. As expectable, against the background of the structure of the 
German economy, the machinery and vehicle construction branch is represented the 
strongest in our sample. Next is the metal manufacturing industry and firms 
manufacturing electronic products. On average, firms in the sample have been roughly 
37 years in business and employ around 480 people. It is noteworthy however, that the 
standard deviations show significant magnitudes.  
                                                                                                                                               
firms in our sample may therefore not be seen as problematic because open innovation has been in its 
adoption and implementation rather a topic for larger firms so far (Van de Vrande et al., 2009). 
9
 The tables for the respective analyses can be found in Appendix 3. 
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Industry
No. of 
firms
Share of 
total 
sample
Age in 
years
SD Age
Size in 
employees
SD Size
Total assets       
(in Mio. 
Euro)
SD 
assets
118 31.9% 34.08 36.6 423.24 673.05 73540.05 148178.36
72 19.5% 34.43 36.58 551.5 1391.95 94607.89 258942.11
65 17.6% 31 30.26 518.12 983.17 124797.38 340382.59
28 7.6% 45.79 46.69 823.1 1770.24 147623.61 246873.53
34 9.2% 43.74 40.44 396 949.59 37324.13 49553.45
53 14.3% 36.17 37.48 330.54 454.9 50100.49 74374.17
Total 370 100% 35.68 36.93 479.35 1018.95 85540.72 215363.33
Machinery and vehicle 
construction 
Metal processing manufacturing 
Manufacture of electronic 
products 
Miscellaneous finished goods 
Miscellaneous half-finished 
goods 
Manufacture of chemical, 
pharmaceutical, medical products 
 
Table 2: Sample description by industry - general firm characteristics 
Beyond this, Table 3 provides information on the innovation activities and performance 
of the firms in the present sample. On average, firms generated a rather high share of 
their current turnover from recent innovations. As one could expect, incremental 
innovations occur more often, likewise firms generate larger shares of their turnover 
from incremental innovations – in our sample on average 23 %. However, also radical 
innovations contribute, with an average 15 %, a fairly large share to current turnovers. 
Looking at this on an industry level, one can see that the most innovative firms can be 
found in the electronic products sector, while the lowest innovation rates are to be found 
in the metal processing industry.  
The electronics industry derives almost double the share of turnover from incremental 
than from radical innovation. This difference, or imbalance, is by far not so pronounced 
in the other industries. Looking at the electronics industry again, one can see that firms 
in this subsample spend on average almost 9% of their revenues on (internal) R&D and 
employ around 170 people in their R&D units. This is considerably more than the 
overall averages which lay around 4% and 70, respectively. Thus, this may be an 
explanation for this industry’s high innovation performance. On external R&D 
activities, however, firms spend rather little. The average is here around 1% for the 
whole sample. A notable exception is the chemical and pharmaceutical industry. 
Acknowledging that this industry also has the second highest amount of R&D 
employees, the reason for the high innovative performance may also be found in their 
high expenditure related to external R&D. To note, this industry also has the highest 
score for search depth, which reflects intense relations with external sources. Now, 
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research has long shown that particularly the chemical and pharmaceutical industry 
engages in research and development with external partners in the form of alliances and 
other modes (Rothaermel, 2001). Also, recent developments around open innovation 
platforms (e.g. Innocentive) took their departure in the pharmaceutical industry.  
Turning to firms’ openness, one can see that firms have adopted the idea of opening 
innovation processes for outside knowledge. On average, firms utilize 7.8 external 
sources, while the individual industries’ values do not differ much. Also in line with 
prior reasoning, the values for search depth are roughly the half as for breadth – on 
average, firms engage with around 5 sources intensively. Also here, there are no notable 
differences between the industries. This provides an interesting insight. As firms do not 
differ much with regard to their exposure to or utilization of external knowledge 
sources, yet show differences with regard to their innovation performance, the reasons 
may be found elsewhere than only in the application of open innovation. One has to 
acknowledge, that reasons may be found in the different market conditions of the 
respective industries as well as in different underlying technology bases and their 
respective complexity or innovation proneness, or the alignment of external search with 
internal resources, such as R&D spending and R&D personnel. Yet, reasons may also 
be found in differences that industries and firms exhibit with regard to their organization 
of innovation and knowledge search-related activities.  
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Industry
No. of 
firms
Average 
percentage 
of firms 
revenues 
from radical 
innovations
SD Average 
percentage 
of firms 
revenues 
from 
incremental 
innovations
SD Average # 
R&D 
employees
SD Average 
expenditure 
internal R&D 
as 
percentage 
of sales
SD Average 
expenditure 
external 
R&D as 
percentage 
of sales
SD Breadth 
mean
SD Depth 
mean
SD
118.00 16.67 17.98 26.36 24.32 89.00 603.82 3.78 4.17 0.59 1.34 7.93 1.95 4.98 2.51
72.00 10.70 13.81 15.72 20.11 21.99 86.42 3.39 11.85 0.76 1.54 7.70 2.12 4.43 2.47
65.00 19.83 17.96 30.94 22.43 169.94 543.13 8.83 12.03 0.90 1.59 8.07 1.67 5.06 2.29
28.00 16.46 17.70 17.18 16.04 61.14 122.25 4.03 5.87 3.01 13.17 8.03 1.77 5.21 2.62
34.00 17.88 18.42 28.32 21.35 18.21 51.70 3.32 4.54 1.12 1.87 7.38 2.33 4.44 2.40
53.00 9.91 13.08 18.02 18.83 11.45 27.50 2.48 2.90 0.71 1.19 8.03 1.56 4.86 2.29
Total 370.00 15.19 16.90 23.38 22.27 70.46 415.58 4.38 8.22 0.93 3.88 7.88 1.91 4.84 2.43
Miscellaneous half-
finished goods 
Machinery and 
vehicle construction 
Metal processing 
manufacturing 
Manufacture of 
electronic products 
Manufacture of 
chemical, 
pharmaceutical, and 
Miscellaneous 
finished goods 
 
Table 3: Sample description by industry - innovation-related firm characteristics 
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4.2 Measures 
Below, the measurement instruments for the relevant variables of this study are 
discussed. For measurement purposes, this study draws from existing scales for the 
respective variables. First, the measure for the dependent variable which is used in this 
study is described. Following, the two independent variables external search breadth 
and external search depth are introduced. This is followed by the discussion of the 
moderator variables for all three contingency analyses – organizational design, 
organizational culture, and innovation strategy. The section concludes with the 
explanation of the control variables applied.10 
Dependent Variable 
Innovation Performance 
To account for a firm’s innovation success, we rely on self-reported measures and use 
four proxies that aim at reflecting the different degrees of novelty of a firm’s product 
innovations, as they are also used in the CIS instruments. All these questions refer to the 
fraction of a firm’s turnover stemming from the respective innovation type. First, 
respondents were asked to provide  the proportion of turnover in the year 2009 that was 
due to products that had been newly newly to the market (i.e. with the firm being the 
first to introduce the innovation on its market, which does not necessarily have to be the 
world market) during the period 2007-2009. Second, respondents were asked to state 
the percentage of turnover generated by products introduced that were new to the firm 
but not new to the market. The third question aimed at the proportion of turnover 
pertaining to products that had been significantly improved. In the last question of this 
section, respondents were asked to estimate the fraction of the firm’s turnover relating 
to unchanged products (indicating non-innovative products).  
We refer to a product as an incremental innovation when it has been significantly 
improved, whereas we consider a product to be a radical innovation when it is either 
new to the market or new to the firm. Thus, we generate one variable as a proxy for both 
incremental and radical innovation performance, respectively. The variable IMPR 
reflects incremental innovation performance, and the variable NEW indicates radical 
                                                 
10
 An overview of the measures applied in this research can be found in Appendix 4. 
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innovation performance, being the aggregated shares of turnover from products new to 
the market and products new to the firm. Moreover, we consider the overall innovation 
performance of a firm to be the total share of turnover pertaining to incremental as well 
as to radical innovations. Thus, we generate the variable INN (= NEW + IMPR) as a 
proxy for overall innovation performance of the firm. 
Independent Variables 
External Search Breadth 
Following Laursen and Salter (2006), external search breadth (Breadth) is defined as 
the number of different types of external knowledge sources that a firm uses in its 
innovation activities. The RWTH-Innovationsmonitor contains a list of 10 possible 
knowledge sources. These external sources include, as also shown in  
Table 4: (1) other internal units (2) suppliers, (3) customers, (4) competitors, (5) private 
research institutes and commercial laboratories, (6) universities and other higher 
education institutions, (7) public research institutes, (8) consultants and open innovation 
intermediaries (e.g. Innocentive, NineSigma etc.), (9) public information (e.g. patent 
disclosures, industry-specific literature, scientific publications, company reports etc.), 
(10) official events (e.g. exhibitions and fairs, professional workshops and conferences, 
trade associations etc.). Even though this list is not fully comprehensive, it covers a 
large part of a firm’s external environment. Moreover, besides the traditional market-
related actors and general institutions operating within the innovation system we refined 
the list of possible knowledge sources by incorporating external parties, such as open 
innovation intermediaries that have just recently emerged as  considerable actors in the 
open innovation network (Bahemia and Squire, 2010).  
We followed Laursen and Salter (2006) and used survey questions to obtain information 
about the firms' openness in terms of external search strategies. To compute external 
search breadth, managers were asked to indicate the importance of each of the above 
listed knowledge sources on a 4-point Likert scale ranging from 0 = not important / not 
used, over 1 = low importance, 2 = important, to 3 = high importance. Accordingly, '0' 
indicates that the respective type of external knowledge source is not used by the firm, 
while answers that differ from '0' indicate that the firm draws knowledge from this type 
of external source. We followed Laursen and Salter (2006) and coded each of the 10 
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sources as a binary variable (0 = not used and 1 = used). Consequently, the binary 
variables over all 10 sources were simply added up to create the variable Breadth. The 
score on external search breadth represents the number of different external sources that 
the innovating firm draws knowledge from. Higher scores of this variable indicate that 
the firm relies on a highly diverse set of sources and searches its environment very 
broadly for innovation-related information – thus it is more open (Laursen and Salter, 
2006:140).  
 
External Search Depth 
We used the same question as in the case of search breadth to measure the variable for 
external search depth (Depth). Besides the mere use of different types of external 
sources, the importance-weighted answers indicate the intensity of the firm's sourcing 
activities within each of the different channels. Following Laursen and Salter (2006), 
we constructed another set of binary variables according to the importance a firm 
ascribes to a knowledge source. Survey responses of 3 = high importance received a 
value of one, whereas responses of 0 = not important / not used, 1 = low importance or 
2 = important received a value of zero. To construct the variable measuring external 
search depth, we simply summed up the binary values for the 10 sources as mentioned 
in the previous paragraph. The construct Depth thus indicates from how many different 
external sources a firm intensively draws knowledge in the context of its innovation 
activities. Higher scores on the variable Depth indicate that a firm maintains a great 
number of ties with external actors, each of which it uses intensively to search for 
external knowledge.  
In order to take account of and analyze the U-shaped relation, respectively the 
downward-sloping parts of the relation between search breadth and depth and 
innovation performance, we computed a squared term of both independent variables 
Breadth2 and Depth2. Together, the two variables Breadth and Depth represent the 
openness of a firm's search processes and reflect the constitution of the innovating 
firm's network of external actors (Chiang and Hung, 2010).  
Table 4 shows a descriptive overview of the utilization of the different sources by the 
firms in our sample. Customers are by far the most important external source and hardly 
any firm in our sample does not utilize customers for innovation input. High importance 
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also was attributed to any kind of event and sources of information publicly available. 
When extending the perspective to the medium importance level, many more sources 
appear to be relevant. It appears that also suppliers and even competitors are among the 
important sources. Yet, also universities, research institutions, and other internal units 
are important sources of innovation-related knowledge. Firms collaborate with a 
multitude of external sources and regard these sources as crucial, yet only few sources 
are considered as absolutely indispensable. 
Not used Low Medium High
Other internal units 18 24 36 22
Suppliers 3 31 48 18
Customers 2 11 34 53
Competitors 9 34 43 14
Private research institutes and commercial 
laboratories
18 40 30 12
Universities and other higher education 
institutions
22 31 32 15
Public research institutes 31 38 27 4
Consultants and open innovation intermediaries  
(e.g. Innocentive, NineSigma etc.)
55 34 8 3
Public information (e.g. patents,  industry or 
scientific publications, company reports etc.)
28 22 29 21
Official events (e.g. exhibitions, fairs, workshops 
and conferences, trade associations etc.)
23 18 36 23
Knowledge source
Percentages
 
Table 4: Utilization of knowledge sources for innovation purposes (in percentage, N=370) 
 
Moderator Variables 
Based on the theoretical model introduced in Chapter 3, three contingency dimensions 
were included in the analysis as possible moderators. First, the dimension organizational 
structure, represented by the structural variables specialization, formalization, and 
decentralization, was investigated. Secondly, this study examined the effects of 
different dimensions of an organizational culture as well as the effects of the innovation 
strategy a firm has adopted. The measures for all these variables are presented in the 
following. 
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Organizational structure 
Specialization  
The first two structural dimensions, specialization and separation reflect the degree to 
which departments and employees are functionally or structurally specialized in their 
activities. Utilizing insights in the literature on firm ambidexterity, we distinguish 
between specialization as functional differentiation within units and separation as 
structural differentiation among organizational functions (i.e. marketing, sales, R&D, 
manufacturing etc.) (Gibson and Birkinshaw, 2004; Volberda 1996, 1998). The former 
represents a differentiation within the R&D unit, indicating the existence of specialized 
entities that are in charge of distinct product lines, or the distinction between subunits 
performing applied research and subunits that focus on basic research. This represents 
the variable specialization. The latter reflects the differentiation of organizational 
functions within the entire organization and represents the variable separation.   
 
Formalization 
Based on the measurement instruments proposed in the literature, this study used a 
single-item measure to assess and determine the extent to which a firm's innovation-
related activities are dominated by rules, norms, and detailed job descriptions, thus the 
degree of formalization prevalent in that organization (Desphandé and Zaltman, 1982; 
Jansen et al., 2005; Pertusa-Ortega et al, 2010).  
 
Decentralization 
The third structural variable, decentralization, was adapted from Mahr and Kretschmer 
(2009) and reflects the extent to which decision-making power is concentrated or 
delegated in an organization. Decentralization was measured as a construct consisting of 
four items with each item assessing the locus of decision authority in a different 
innovation-related decision situation. Consequently, respondents were asked to identify 
the hierarchical level at which each of the respective decisions was usually made. For 
this purpose, respondents had to rate on a 4-point scale with each value representing a 
different hierarchical level. The scale included the following values: 1 = team members, 
2 = team leader, 3 = head of department, 4 = top management level.  
 
78 
 
Organizational culture 
Open Mindedness 
Open mindedness is an important feature of an organizational culture supporting 
communication and knowledge exchange. For this study, the measure for this variable 
was adapted from Baker and Sinkula (1999), and respondents had to rate how much 
their organization can be characterized as open to failure and thinking outside existing 
paths as well as the challenging of management views and perceptions. 
 
Internal Connectedness 
Also the connectedness of employees within the organization facilitates internal 
knowledge procession and was hypothesized in this study as supportive to open 
innovation. Connectedness represents the degree to which employees are linked up to 
each other within an organization. This study measures internal connectedness based 
on the measure of Jaworski and Kohli (1993) and asks respondents to assess whether 
colleagues of different hierarchical levels were easily approachable and whether the 
exchange of information through informal conversation was a frequent occurrence.  
 
Not-Invented-Here 
Thirdly, the attitudes of the organization, and therefore the employees towards external 
knowledge in general, matter for successful knowledge utilization. This study, then, 
measures the existence of negative attitudes towards external knowledge with the 
assessment of the existence of a “not-invented-here”-syndrome. The measure for NIH is 
based on a measure for this phenomenon by Herzog (2008), and asks respondents to 
assess whether internal knowledge was favored over external knowledge or if only the 
quality was crucial for the assessment of knowledge. 
 
Innovation Strategy 
In order to measure a firm’s innovation strategy, we rely on the distinction of 
exploration and exploitation in firms’ innovation orientations, and adopt the 
measurement scale from He and Wong (2004). Exploration captures the importance of 
entering completely new (product) markets and extending the existing product range, 
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hence departing from existing innovation fields. Exploitation captures the importance of 
improving the efficiency of the existing product offering. 
The measures exploration and exploitation focus on how firms distribute resources and 
attention to different innovation objectives, which either represent an explorative or an 
exploitative direction (He and Wong, 2004:485). The measure does not refer to the 
degree of innovativeness or radical versus incremental innovation output, as it intends to 
capture a firm’s intent when pursuing innovation activities and not the eventual results 
(He and Wong, 2004:485). For the assignment whether a firm followed an exploration 
or an exploitation strategy, we carried out a median-split for both the variables. 
Accordingly, a firm is coded as dominantly following an exploration strategy when its 
value for exploration was above the median for exploration in the sample. Likewise, a 
firm is coded as dominantly exploitative in its objectives when its value for exploitation 
exceeded the median for exploitation of all sample firms (He and Wong, 2004). Firms 
which obtained scores of 1 for both dummy variables, hence they pursue exploration as 
well as exploitation objectives similarly dominant in their innovation strategy, were 
coded as pursuing an ambidexterity strategy (He and Wong, 2004). Deviant from this, 
for the analysis of ambidexterity in Hypothesis 13, we computed a firm’s ambidexterity 
following Gibson and Birkinshaw (2004), and applied a multiplicative 
conceptualization of ambidexterity. Hence, ambidexterity is the multiplicative 
interaction of exploration and exploitation, and firms can pursue lower or higher 
degrees of ambidexterity.  
Control Variables  
Based on prior empirical research on innovation performance in the management 
literature, we included a set of control variables that have been found to affect the 
innovation performance of firms. We controlled for firm size, firm age as well as for 
different industry affiliations. Moreover, we included four proxies for absorptive 
capacity, namely the education level of staff, the level of R&D expenditure, the number 
of R&D employees, and whether or not the firm was engaged in R&D on a frequent 
level.  
Firm Size and Firm Age 
Previous studies have found innovation performance to be positively affected by size 
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effects, such as economies of scale and scope (Escribano et al., 2009; Henderson and 
Cockburn, 1994). Besides the cost benefits associated with that, larger firms have better 
financial capabilities and larger customer bases, and are therefore more likely to derive 
high profits from innovation activities. Moreover, firm size has been found to affect a 
firm’s search behavior (Argyres and Silverman, 2004; Katila and Ahuja, 2002), as well 
as the propensity of firms to maintain inter- organizational linkages (Knoben and 
Oerlemans, 2010). Large firms are more likely to devote sufficient amounts of resources 
to scanning the environment and maintaining external linkages. We controlled for firm 
size by the number of employees and computed the variable LN_EMP. 
Also firm age has been found to affect innovation performance. Research suggests that 
although innovative competences seem to improve with firm age, established firms are 
often failing to adapt to the demands of their technological and market environment 
(Leonard-Barton, 1992; Sorensen and Stuart, 2000). The misfit between environmental 
demands and organizational capabilities to innovate may have an effect on the 
innovation performance of established firms. In contrast, Zimmermann et al. (2009) 
found that openness is particularly important for young firms. Hence, we controlled for 
firm age by the years a company has existed through the variable LN_AGE. 
Absorptive Capacity 
Absorptive capacity is crucial in explaining firm differences in the ability to benefit 
from collaborations with external partners and from external knowledge integration in 
particular (Jansen et al., 2005; Lichtenthaler and Lichtenthaler, 2009). Hence, the 
concept is considered to be crucial for successful inbound open innovation activities 
(Vanhaverbeke et al., 2007). 
Absorptive capacity is said to represent the organizational knowledge base or the 
existing knowledge a firm possesses, which in turn has positive effects for the ability of 
firms to acquire and apply external knowledge (Lane and Lubatkin, 1998). Despite its 
importance, extant literature does not agree on how to capture the concept of absorptive 
capacity for empirical investigations. Absorptive capacity is said to be a by-product of 
firms’ R&D spending (Cohen and Levinthal, 1990:129) or that R&D spending 
contributes to a firm’s knowledge base (Cohen and Levinthal, 1989:570).  
Hence, we use a firm’s level of R&D spending (expin) as one proxy for its absorptive 
capacity. Further, absorptive capacity is a product of the learning within an organization 
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and cumulative in nature, thus it is important for a firm to engage in R&D more often 
than just occasionally. Therefore, we integrated a measure for the frequency of a firm’s 
R&D activities (rd_perm). Besides these rather organizational level measures for 
absorptive capacity, research also stresses the importance of individuals in 
organizational learning, the building of organizational knowledge, and thus absorptive 
capacity and processes of integrating external knowledge (Cohen and Levinthal, 1990). 
The capacity of individuals to engage in learning and knowledge integration is one 
important precondition for a firm’s absorptive capacity. Organizational absorptive 
capacity is likely to increase with the number of employees who possess high levels of 
individual absorptive capacity (Cohen and Levinthal, 1990:131). This capacity is 
strongly influenced by employees’ skills and education level, and other research uses 
proxies like the number of scientists accordingly (Minbaeva et al., 2003; Zahra and 
George, 2002). Hence, we further integrated into our proxy measure for a firm’s 
absorptive capacity measures accounting for the amount of employees with university-
level education (acad) as well as for the amount of R&D employees (rd_empl). Based 
on these four measures, we constructed a compound measure for absorptive capacity as 
the mean of the sum of the previous single measures after we conducted a logarithmic 
transformation for each measure except for the binary variable rd_perm. Thus, 
absorptive capacity is represented by the variable AC, while AC = mean 
(ln_rdemp,ln_expin, rd_perm, ln_acad).11 
Industry Controls 
Finally, as our data is cross-sectional, we controlled for industry related firm 
characteristics that influence innovation performance, such as a higher propensity to 
innovate in different industries. We included six industry controls as dummies for 
whether a firm is or is not a member of that particular industry. These were identified 
based on the NACE-codes provided by the Amadeus database. We made a distinction 
between (1) machinery and vehicle construction (ind1),   (2) metal processing 
manufacturing (ind2), (3) manufacture of electronic products (ind3), (4) manufacture of 
                                                 
11
 It should be noted here that for one analysis we used exclusively the measure for R&D-expenditure 
LN_EXPIN as control instead of absorptive capacity. In other analyses we did not control for absorptive 
capacity altogether.  
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chemical, pharmaceutical and medical products (ind4), (5) miscellaneous finished goods 
(ind5), and (6) miscellaneous half-finished goods (ind6). 
 
4.3 Methods 
The scores of all three performance measures (IMPR, NEW, INN), which reflect the 
percentage of sales from products with different degrees of novelty, range between 0 
and 100. Thus, the dependent variables in our model are double censored (having an 
upper censoring point at the score 100 and a lower censoring point at scores that equal 
0; the former is also referred to as “left censoring” while the latter is referred to as “right 
censoring”). Analyzing such data using ordinary least squares (OLS) regression would 
lead to biased coefficient estimates (Tobin, 1958). The most appropriate method then to 
adjust the coefficient estimates and account for the fact that the dependent variable is 
censored between 0 and 100 is a Tobit analysis (Greene, 2003). The Tobit analysis 
procedure is based on the assumption of a normal distribution of the dependent 
variables. Our measures for innovation performance are all skewed to the left, which 
compromises the underlying assumption of normally distributed residuals in the Tobit 
model. To account for this departure from the normality assumption, we employed a 
logarithmic transformation of our dependent variables. This log-transformation resulted 
in three new dependent variables, overall innovation performance: INN = 
ln(1+rev_inn), incremental innovation performance: IMPR = ln(1+rev_impr), and 
radical innovation performance: NEW = ln(1+rev_new). This procedure has also been 
applied in prior research (e.g. Laursen and Salter, 2006; Oerlemans and Knoben, 
2010b).  
According to Ai and Norton (2003), the magnitude and direction of interaction effects 
in non-linear models cannot simply be read from the computed coefficient values. 
Hence, in order to interpret the interaction effects correctly we follow Greene (2003), 
who suggests that to be correct on interpretations of coefficients and significances, non-
linear interactions have to be plotted. The interaction values are plotted for the 
moderators’ means (average), for the means plus two standard deviations (very high) 
and plus one standard deviation (high), as well as for the means minus one standard 
deviation (low). In addition, also the partial effects of the interactions are plotted. These 
represent the first derivations of the initial relations. Hence, the first plots of the 
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analyses display the absolute performance impact of the respective interaction, whereas 
the second plots always show the success contribution of openness given a certain level 
of the respective moderator.   
In each analysis utilizing this procedure, the first figure shows the actual interaction 
effect and predicted relation between the independent and dependent variable for 
different values of the respective moderator (Figure 9). Here it shows that initially, low 
formalization (slope 1) supersedes higher levels of formalization (slopes 3 and 4), yet 
with rising openness, higher levels of formalization become performance superior. 
 
Figure 9: Example plot for overall openness-performance relation by degree of moderator variable 
The second figures show the partial effects of the interaction effect for the different 
values of the respective moderator (Figure 10). It shows that formalization becomes 
more beneficial with rising openness. Marginal effects make a statement about the 
increase in innovation performance given a marginal increase of openness and assuming 
a certain level of the moderator. Slope (3) and (4), for instance, indicate that higher 
levels of formalization are positive for the increase of openness as they exhibit the 
highest marginal return levels. 
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Figure 10: Example plot for marginal openness-performance relation by degree of moderator 
variable 
A third plot (usually to be found in the appendix) shows the significance levels (within 
the 95% confidence interval) for the partial relations (Figure 11). According to Greene 
(2003), these plots indicate significance when both the upper and the lower slope are 
either below or above the zero level – while both slopes being below the zero level 
indicate negative impacts and both slopes being above the zero level indicates positive 
impacts. One slope above and one below the zero level indicates non-significance.  
 
Figure 11: Significance analysis for partial effects - low formalization 
In the case of Figure 11, at no point both slopes lay above or below the zero line 
simultaneously. Hence, the slope for low formalization in the partial effects analysis 
(Figure 10) is not statistically significant. Looking at Figure 12, one can see that 
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between 2 and 7 sources, both slopes lay above the zero line, thus indicating positive 
significance of the slope for high formalization in Figure 10 for these parts of the 
slope.12 
 
Figure 12: Significance analysis for partial effects - high formalization 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
12
 All the plots for the respective significance analysis can be found in Appendix 10. 
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5 Results 
This section presents the results of our analysis. Commencing with the results for the 
impact of search breadth and depth on innovation performance (Section 5.1), the chapter 
continues to present the results on the moderation effects of organizational structure in 
Section 5.2, the results for the moderation of organizational culture in Section 5.3 and 
the results for the analysis of the moderation effects of innovation strategy in Section 
5.4 The descriptive statistics and bivariate correlation tables for each respective analysis 
can be found in Appendix 5.13 
 
5.1 Analysis of external search and innovation performance 
This section investigates the effects of firms’ external search activities on innovation 
performance. We “replicate” the two openness hypotheses originally proposed by 
Laursen and Salter (2006). This analysis lays the foundation for testing the moderation 
effects in the subsequent analyses. For this analysis we used a sample of 370 firms and 
we controlled for the age and size of firms as well as their general ability to utilize 
external knowledge, i.e. absorptive capacity. 
For each external search strategy (i.e. search breadth and search depth), three different 
models have been estimated. One model for overall innovation performance (INN), one 
for incremental innovation performance (IMPR), and a third model for radical 
innovation performance (NEW) as the dependent variable. The results of the respective 
Tobit regression models can be found in Table 5 (Models I, II, and III) and Table 6 
(Models I, II, and III). 
Hypothesis 1 states that a firm’s external search breadth exhibits a curvilinear relation 
(taking an inverted U-shape) with innovation performance. From the results reported in 
Table 5 strong support for this hypothesis can be found. First, the regression coefficients 
for Breadth are significant and positive indicating that openness in terms of the amount 
of external knowledge sources utilized has a positive effect on overall innovation 
performance of firms (Model I). Second, the squared term of Breadth is negative and 
significant, which indicates the assumed inverted U-shape external search breadth has 
                                                 
13
 As indicated by the bivariate correlations in Appendix 5, multicollinearity must not be of major 
concern. 
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with regard to overall innovation performance. The relationship stated here also holds 
for different degrees of innovativeness. External search breadth exhibits the same 
characteristics with regard to incremental and radical innovation performance (Models 
II and III).  
Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E. Coefficient S.E.
Constant -1.402 1.028 -2.118** 1.031 -1.369 0.946
LN_AGE 0.028 0.096 0.058 0.090 0.017 0.088
LN_EMP 0.076 0.077 0.075 0.072 0.041 0.071
AC 3.336*** 0.464 2.894*** 0.437 2.926*** 0.424
ind1 -0.257 0.417 -0.200 0.390 -0.033 0.380
ind2 0.056 0.259 0.149 0.243 0.158 0.236
ind3 -0.571** 0.289 -0.635** 0.273 -0.287 0.264
ind4 0.287 0.292 0.271 0.274 0.331 0.266
ind5 -0.209 0.365 -0.283 0.342 0.137 0.332
ind6 0.621* 0.344 0.630* 0.323 0.610* 0.314
Breadth 0.641** 0.255 0.635** 0.258 0.499** 0.235
Breadth2 -0.042** 0.018 -0.040** 0.018 -0.032** 0.016
No of obs. 370 370 370
Left-censored obs. 65 79 73
Right-censored obs. 5 1 0
Log likelihood -630.334 -593.234 -594.188
Chi-square 113.28*** 94.38*** 99.1***
Pseudo R
2
0.08 0.07 0.07
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
I II III
INN IMPR NEW
 
Table 5: Tobit regression, explaining innovation performance with external search breadth 
The fact that Breadth and Breadth2 are statistically significant, and that the signs of the 
estimated coefficients of Breadth and Breadth2 are positive and negative, respectively, 
corresponds to the predicted inverted U-shaped relationship. These results indicate that, 
while there are initially positive effects of increasing search diversity, there are 
decreasing and negative returns when firms use too many external knowledge sources. 
Yet, the regression results only predict negative returns. It may well be that the 
downward sloping part of the curve is not significant. 
To illustrate these relationships better, we plotted the respective relations for all three 
types of innovation performance. Figure 13 shows the relation between search breadth 
and overall innovation performance.14 What is clearly apparent is the expected U-shape, 
                                                 
14
 The figures for the relation between search breadth and incremental and radical innovation 
performance, respectively, can be found in Appendix 6.  
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which indicates decreasing returns to increasing external search breadth. The maximum 
advantage of broad external search appears to be at around 7-8 sources.  
 
Figure 13: Predicted (cumulative) relationship between search breadth and overall innovation 
performance 
To specify this analysis, we investigated the partial effects of external search breadth on 
innovation performance. That is the marginal return in terms of innovation performance 
of an increase in search breadth. Figure 14 provides a more specific picture of the 
effects of greater search breadth.15 Based on this analysis, we can conclude the tipping 
point to be at around 7 to 8 sources. The tipping point indicates the level of search 
breadth up to which an increasing openness still exhibits positive performance 
implications, though decreasingly so. From this point on, firms generate negative 
marginal returns to an increase of search breadth. However, the analysis also reveals 
that the slope in Figure 13 is only significant up to a level of sources being used of 
around 6. This indicates that our analysis confirms the assumption of decreasing returns 
to openness, yet negative returns cannot be identified and the downward-sloping part of 
the curve in Figure 13 can only be predicted, but not concluded to be statistically 
significant. Altogether, however, these results provide strong support for Hypothesis 1. 
 
                                                 
15
 Again, the effects for both other types of innovation performance look similar, and the respective 
figures can be found in Appendix 6. 
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Figure 14: Partial effects of search breadth on overall innovation performance 
The results of the Tobit regression analysis testing Hypothesis 2 predicting that also the 
second dimension of a firm’s external knowledge search activities, external search depth 
(Depth), is curvilinearly related to innovation performance, can be found in Table 6. 
The results provide support for the hypothesis, since the coefficients for the squared 
search intensity variables (Depth and Depth2) are both significant and have the 
respective signs indicate the predicted curvilinear relation. 
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Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E. Coefficient S.E.
Constant 0.276 0.562 -0.396 0.530 0.107 0.514
LN_AGE 0.031 0.096 0.058 0.090 0.018 0.088
LN_EMP 0.046 0.077 0.049 0.072 0.022 0.070
AC 3.317*** 0.471 2.905*** 0.443 2.949*** 0.432
ind1 -0.300 0.417 -0.238 0.389 -0.065 0.381
ind2 0.030 0.258 0.122 0.242 0.129 0.236
ind3 -0.590** 0.289 -.64892** 0.273 -0.310 0.265
ind4 0.268 0.292 0.248 0.274 0.312 0.266
ind5 -0.211 0.365 -0.291 0.342 0.125 0.333
ind6 0.558 0.342 0.567* 0.321 0.556* 0.313
Depth 0.308** 0.132 0.317** 0.125 0.165 0.121
Depth2 -0.024* 0.013 -0.025** 0.012 -0.013 0.012
No of obs. 370 370 370
Left-censored obs. 65 79 73
Right-censored obs. 5 1 0
Log likelihood -630.515 -593.045 -595.497
Chi-square 112.92*** 94.76*** 96.48***
Pseudo R
2
0.08 0.07 0.07
III
INN IMPR NEW
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
I II
 
Table 6: Tobit regression, explaining innovation performance with external search depth 
External search depth has a positive effect on overall innovation performance. But with 
higher degrees of openness, further increases in search depth lead to reduced overall 
innovation performance (Model I). Thus, we also accept Hypothesis 2. With regard to 
the effects of search depth on different innovation performance degrees, our analysis 
reveals significant implications for incremental innovations, but no significant results 
for radical innovation performance (Models II and III). As with search breadth, these 
results are plotted to better illustrate the relationships and analyze the statistical 
significance of the curve slope.  
Figure 15 shows the relation between search depth and overall innovation performance, 
and again the analysis reveals a curvilinear relationship.16 For deep search relations, the 
tipping point appears to be somewhat lower at around 6 sources.  
                                                 
16
 The same applies to the relation between external search depth and incremental innovation 
performance, for which the figures can be found in Appendix 7.  
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Figure 15: Predicted (cumulative) relationship between search depth and overall innovation 
performance 
Again, we performed an additional marginality analysis to attain a clearer picture of the 
relations. The marginal effects of external search depth can be seen in Figure 16 . Up to 
a level of search depth of around 5 sources, we can identify decreasing returns to 
openness. The further part of the curve is not significant. Thus, again, we cannot detect 
negative returns and must acknowledge the downward-sloping part of the curve in 
Figure 15 as not to be detected statistically significant.  
 
 
Figure 16: Partial effects of search depth on overall innovation performance 
Regarding our control variables, age and size of firms seem to be of no relevance for 
innovation performance when examining the effects of external search breadth. Our 
proxy for firms’ internal R&D efforts, a firm’s absorptive capacity (AC), is highly 
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significant throughout all models without respect to the degree of innovativeness. Firms 
with higher degrees of absorptive capacity profit more from openness. 
In Hypotheses 3 and 4 we assumed differences in the effectiveness of external search 
breadth and depth  depending on the degree of innovativeness of innovation output. 
Following Laursen and Salter (2006), we assumed external search breadth to become 
less effective with an increase of the degree of novelty, whereas external search depth 
was assumed to increase in its effectiveness when the degree of novelty increases. As 
stated above, external search breadth shows signficant effects for both incremental and 
radical innovation performance, whereas external search depth was found to exhibit  
significant effects for incremental innovation performance, but not so for radical 
innovation performance. All the significant effects were in line with our expectation of 
an inverted U-shape. As a first indication of the effectiveness, one can see that the 
parameter values for search breadth decrease from INN, to IMPR, and NEW. Likewise, 
for external search depth, the parameter values increase from INN to IMPR. However, 
these differencec need to be examined for their significance.  
Following Laursen and Salter (2006:145), we computed analyses in which the 
dependent variables are the differences between the radical and incremental innovation 
performance, and regressed those against breadth and depth, respectively. Based on the 
estimated coefficients from the Tobit regressions, we also computed two differences: (1) 
between predicted radical versus predicted incremental innovatives sales as a function 
of breadth and depth, respectively and (2) between the average marginal effects on 
radical innovative sales versus incremental innovative sales for breadth and depth, 
respectively. We assessed the significance of these differences using the Delta method 
(Greene, 2003), but we could not find any signficant differences. However, looking at 
the analysis of marginal effects again, we can see that the decreasing returns to 
openness for search breadth start at values of around 2 sources for incremental 
innovation performance and at values of around 1 for radical innovation performance 
(Figure 17 and Figure 18). 
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Figure 17: Partial effects of search breadth on incremental innovation performance 
 
 
 
Figure 18: Partial effects of search breadth on radical innovation performance 
Thus, external search breadth seems to wear off faster with regard to its impact on 
innovation performance when the latter is radical than when it is incremental. This lends 
support to Hypothesis 3 and the assumption of external search breadth being less 
effective for radical than for incremental innovation performance. External search 
depth, on the other hand, was found to be of no statistically significant relevance for 
radical innovation performance, whereas the hypothesis stated external search depth to 
be more effective for innovation performance when the latter is radical in nature. Also, 
the parameter values for the impact of search depth on incremental innovation 
performance is larger than the respective value for radical innovation performance, 
though not statistically significant. 
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Following these analyses, we can confirm Hypothesis 3, as we find that external search 
breadth is consistently important for innovation performance, no matter the degree of 
novelty, but that for search breadth, the decreasing returns to greater source utiliztation 
occur earlier for radical than for incremental innovation performance. However, we 
cannot confirm that with an increase of innovativeness, search depth would gain in 
effectiveness. The opposite seems to be true, with a greater degree of novelty, search 
depth loses significance and only broad external search remains significantly important. 
Hence, we have to reject Hypothesis 4. 
 
5.2 Analysis of the moderation effects of organizational structure 
This chapter presents the analysis of the moderation effects of organizational design 
dimensions for the relation between firms’ external search activities and their 
innovation performance. In Hypotheses 5 to 7 we stated the assumed different effects 
that organizational specialization, formalization, and decentralization may have for 
influencing the effectiveness of external search. For this we carried out a moderation 
analysis and entered interaction terms between search breadth and depth and the 
respective organizational design dimensions into the base model. In this analysis we 
used a sample of 365 firms and we controlled for the age and size of firms. 
Moderation effects of organizational specialization  
In Hypotheses 5a and 5b, we suggested that organizational specialization, whether as 
functional differentiation or as structural differentiation, would influence the inverted 
U-shaped relation between openness and innovation performance negatively or 
positively, respectively. We entered the interaction terms (linear and squared) between 
specialization and openness in terms of external search breadth and depth into the 
models (Model I for Breadth and Model II for Depth in Table 7). The results show that 
there is an interaction between search breadth and specialization and no significant 
interaction for search depth with regard to overall innovation performance. We find that 
both the linear and the squared interaction term for search breadth are highly significant. 
However, both terms have signs indicating a rather negative direction of influence. The 
linear term is negative whereas, the squared term has a positive sign, thus not in line 
with the inverted U-shape of external search and innovation performance. This would 
be in line with Hypothesis 5a and we would have to reject Hypothesis 5b, that is, 
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organizational specialization has negative rather than positive moderation effects for 
external search and overall innovation performance.  
Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E.
Constant -7.879*** 2.490 0.663 0.766
LN_AGE -0.130 0.099 -0.121 0.100
LN_EMP 0.209*** 0.079 0.189** 0.080
ind1 -0.088 0.441 -0.072 0.445
ind2 0.381 0.274 0.249 0.276
ind3 -0.735** 0.306 -0.866*** 0.306
ind4 0.850*** 0.307 0.704** 0.309
ind5 0.028 0.387 -0.036 0.390
ind6 0.528 0.365 0.388 0.365
Breadth 2.713*** 0.702
Breadth2 -0.177*** 0.049
Specialization 3.146*** 0.969
Breadth x specialization -0.945*** 0.284
Breadth2 x specialization 0.064*** 0.020
Depth 0.561** 0.275
Depth2 -0.041 0.028
Specialization 0.142 0.273
Depth x specialization -0.130 0.128
Depth2 x specialization 0.013 0.013
No of obs. 365 365
Left-censored obs. 65 65
Right-censored obs. 5 5
Log likelihood -645.515 -649.912
Chi-square 75.34*** 66.54***
Pseudo R
2
0.05 0.04
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
I II
INN INN
 
Table 7: Tobit regression, relationship between search breadth and depth and innovation 
performance - moderation effect of specialization 
However, the interpretation of the moderation of non-linear relationships cannot simply 
be established from the sole regression parameters (Ai and Norton, 2003; Greene, 
2003).17 This is why we plotted the respective relations to better illustrate and to get a 
clear picture of the actual interaction effects. Figure 19 shows the shapes of the relation 
                                                 
17
 For the analysis of non-linear moderation effects, we followed the methodological approach by Greene 
(2003) and plotted the respective relations. See, for background information, Ai and Norton (2003), 
Greene (2003). 
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between external search breadth and overall innovation performance differentiated by 
the levels of specialization. At low levels of external search breadth (i.e. only few 
external sources), high levels of specialization positively support external search and 
lead to higher innovation performance compared to lower levels of organizational 
specialization. Yet, with rising levels of external search breadth, the positive effects of 
specialization decrease and higher innovation performance can be attained by assuming 
lower levels of organizational specialization. This turn happens at about 5 sources being 
used. With even higher levels of external search breadth (around 9 sources being used), 
high levels of specialization become the preferred choice again. This means that after 
passing this first search scale threshold, firms with lower levels of specialization benefit 
more from extended search efforts than highly specialized firms and with the second 
threshold specialized firms are in favor again. We depicted these relations only for the 
dependent variable of overall innovation performance, but for incremental and radical 
innovation performance, the picture is roughly identical.  
 
Figure 19: External search breadth, overall innovation performance, and the moderation effect of 
organizational specialization 
To further specify the analysis, we conducted an analysis of the marginal effects of 
openness for higher and lower levels of specialization, respectively. These relations are 
shown in Figure 20. It shows the curves of the marginal effects of external search 
breadth differentiated again by the varying degrees of specialization. At any given 
position of search breadth on any of the curves, the marginal effect indicates whether a 
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further increase is of benefit or harm with regard to overall innovation performance. 
Figure 20 shows that at high levels of openness, firms exhibiting high or very high 
levels of specialization, generate positive marginal returns, whereas firms with lower 
levels of specialization face negative marginal returns to a further increase in openness. 
On the other hand, when openness levels are low, firms with medium degrees of 
specialization generate positive marginal returns, whereas now, firms with higher 
specialization levels face negative marginal returns. For intermediate levels of search 
breadth, firms characterized by low levels of specialization generate the highest 
marginal returns to more openness. 
 
Figure 20: Level of partial effect of external search breadth for overall innovation performance by 
degree of specialization 
A further analysis of the significance of these relations revealed that the curves are 
significant in the crucial parts to support the analysis that specialization is of benefit for 
higher openness levels and rather negative for low openness.18 Though the curves for 
low and medium levels of specialization are not statistically significant at high levels of 
openness, a decrease of the marginal benefits with increasing openness can clearly be 
detected. Likewise, the positive marginal returns for medium and low specialization at 
low and medium levels of openness can be identified with statistical significance. The 
curve for very high specialization is statistically significant at levels of openness 
between 1 and 4 sources as well as between 8 and 10 sources. 
                                                 
18
 The plots for the significance examination for this and the following analyses can be found in 
Appendices 8-10. 
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The results of the regression analysis for the interaction of external search and 
organizational specialization with regard to incremental and radical innovation 
performance can be seen in Table 8. Search breadth and organizational specialization 
also interact highly significantly for both incremental and radical innovation 
performance (Models III and V). Again, search depth does not exhibit any significant 
interaction effect with specialization (Models IV and VI).19 
                                                 
19
 For this and all the following analyses, we only plotted the relations with regard to overall innovation 
performance, as the plots for incremental and radical innovation performance do not show substantially 
different relations and implications. 
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Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E. Coefficient S.E. Coefficient S.E.
Constant -6.699*** 2.371 0.074 0.713 -6.454*** 2.227 0.559 0.693
LN_AGE -0.077 0.092 -0.074 0.093 -0.123 0.090 -0.118 0.090
LN_EMP 0.195*** 0.074 0.174** 0.074 0.155** 0.072 0.148** 0.072
ind1 -0.027 0.409 -0.029 0.410 0.132 0.398 0.153 0.402
ind2 0.422* 0.255 0.317 0.256 0.432* 0.248 0.326 0.250
ind3 -0.781*** 0.287 -0.879*** 0.285 -0.435 0.277 -0.544** 0.277
ind4 0.756*** 0.286 0.639** 0.286 0.805*** 0.277 0.697** 0.279
ind5 -0.081 0.360 -0.127 0.361 0.355 0.349 0.292 0.353
ind6 0.540 0.340 0.419 0.338 0.521 0.330 0.398 0.330
Breadth 2.163*** 0.667 2.138*** 0.627
Breadth2 -0.140*** 0.046 -0.137*** 0.044
Specialization 2.148** 0.913 2.498*** 0.869
Breadth x specialization -0.669** 0.267 -0.748*** 0.255
Breadth2 x specialization 0.046** 0.019 0.050*** 0.018
Depth 0.488* 0.255 0.370 0.248
Depth2 -0.035 0.026 -0.027 0.025
Specialization 0.056 0.257 0.077 0.248
Depth x specialization -0.087 0.119 -0.107 0.116
Depth2 x specialization 0.009 0.012 0.011 0.011
No of obs. 365 365 365 365
Left-censored obs. 79 79 73 73
Right-censored obs. 1 1 0 0
Log likelihood -608.088 -610.164 -608.444 -613.046
Chi-square 77.74*** 73.58*** 62.12*** 52.92***
Pseudo R
2
0.06 0.05 0.04 0.04
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
NEW
III IV V VI
IMPR IMPR NEW
 
Table 8: Relationship between search breadth and depth and different degrees of innovation performance - moderation effect of specialization 
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We further investigated how structural separation as another means of achieving 
differentiation would affect the inverted U-shaped relation. Table 9 reports the results 
for overall innovation performance (Models I and II). Again, the interaction effects for 
external search breadth are significant, yet on a lower level, and have signs indicating 
rather a negative moderation effect (negative linear term, positive squared term). The 
result holds for incremental innovation, but there are no significant interactions for 
radical innovation performance (Table 10, Models III and V). Again, for external search 
depth (Models II, IV, and VI), no significant interactions could be found.  
Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E.
Constant -3.904 3.150 1.863** 0.840
LN_AGE -0.134 0.101 -0.123 0.099
LN_EMP 0.235*** 0.080 0.197** 0.080
ind1 -0.023 0.445 -0.033 0.441
ind2 0.308 0.276 0.231 0.273
ind3 -0.819*** 0.308 -0.859*** 0.304
ind4 0.746** 0.307 0.662** 0.305
ind5 0.012 0.389 -0.095 0.388
ind6 0.484 0.369 0.461 0.364
Breadth 1.666* 0.875
Breadth2 -0.112* 0.060
Separation 1.485 0.995
Breadth x separation -0.498* 0.288
Breadth2 x separation 0.036* 0.020
Depth -0.019 0.307
Depth2 0.013 0.030
Separation -0.270 0.247
Depth x separation 0.089 0.110
Depth2 x separation -0.008 0.011
No of obs. 365 365
Left-censored obs. 65 65
Right-censored obs. 5 5
Log likelihood -647.925 -645.060
Chi-square 54.24*** 59.96***
Pseudo R
2
0.04 0.04
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
I II
INN INN
 
Table 9: Tobit regression, relationship between search breadth and depth and innovation 
performance - moderation effect of separation 
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Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E. Coefficient S.E. Coefficient S.E.
Constant -5.736* 2.981 0.614 0.786 2.361 2.857 1.802** 0.761
LN_AGE -0.083 0.093 -0.077 0.092 -0.127 0.091 -0.119 0.090
LN_EMP 0.207*** 0.074 0.173** 0.074 0.175** 0.073 0.154** 0.072
ind1 -0.015 0.412 -0.019 0.409 0.183 0.403 0.193 0.399
ind2 0.376 0.256 0.295 0.254 0.361 0.250 0.303 0.247
ind3 -0.833*** 0.288 -0.892*** 0.285 -0.521* 0.279 -0.540** 0.275
ind4 0.692** 0.285 0.597** 0.283 0.706** 0.278 0.650** 0.275
ind5 -0.080 0.361 -0.182 0.361 0.322 0.352 0.218 0.351
ind6 0.536 0.342 0.498 0.339 0.501 0.334 0.459 0.330
Breadth 1.872** 0.825 1.000 0.793
Breadth2 -0.121** 0.056 -0.063 0.054
Separation 1.60591* 0.936 0.838 0.904
Breadth x separation -0.496* 0.270 -0.275 0.262
Breadth2 x separation 0.034* 0.019 0.019 0.018
Depth 0.156 0.287 -0.246 0.278
Depth2 -0.451 0.028 0.032 0.028
Separation -0.081 0.232 -0.348 0.225
Depth x separation 0.035 0.103 0.127 0.100
Depth2 x separation -0.005 0.010 -0.012 0.010
No of obs. 365 365 365 365
Left-censored obs. 79 79 73 73
Right-censored obs. 1 1 0 0
Log likelihood -609.264 -607.214 -611.183 -608.283
Chi-square 62.32*** 66.42 43.08*** 48.88***
Pseudo R
2
0.04 0.05 0.03 0.03
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
NEW
III IV V VI
IMPR IMPR NEW
 
Table 10: Relationship between search breadth and depth and different degrees of innovation performance - moderation effect of separation
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To gain a better understanding of the actual interaction of search breadth with 
organizational separation, the relation has been plotted again. Figure 21 shows a very 
similar picture for the effect of separation as a moderator for the relation between search 
breadth and overall innovation performance. Initially, high separation is advantageous, 
yet with increasing search breadth, lower separation (i.e. integration of functions and 
activities) would be preferable. Again, at very high openness levels, a higher level of 
separation of functions becomes preferable again. For the relation with regard to 
incremental innovation performance, the picture again looks very similar.  
 
Figure 21: External search breadth, overall innovation performance, and the moderation effect of 
organizational separation 
Again we conducted a further analysis of the marginal effects in order to attain more 
precise results. Figure 22 shows the slopes of the marginal effects of search breadth on 
innovation performance for different levels of organizational separation. As in the case 
of specialization, highly separated firms benefit from more openness at high levels of 
openness, whereas low separated firms face negative returns to more openness when 
they are already at high openness levels. For lower levels of search breadth, the results 
show the opposite. Increasing search breadth benefits firms with low or average degrees 
of separation, while firms with high levels of separation are harmed by increasing their 
openness levels. The examination of the statistical significance of the slopes in Figure 
22 revealed that only the curve for low separation can be detected as significant. Hence, 
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we can only reliably conclude that low separation benefits firms on low to medium 
openness levels.20 
 
Figure 22: Level of partial effect of external search breadth for overall innovation performance by 
degree of separation 
Summarizing, the results show no clear dominance of specialization with regard to their 
positive or negative moderation effects on the link between openness and innovation 
performance. Rather, the level of openness determines whether specialization is 
advantageous. Specialization does not exhibit a linear relation with increasing openness. 
At low openness levels, high specialization is superior to low specialization. Further 
increasing openness, though, harm specialized firms and benefit less or low specialized 
firms. For higher levels of openness, lower specialization turns out to be superior. And 
for very high openness, higher specialization becomes advantageous again. In addition, 
at levels of high openness, a further increase in openness benefits firms which are rather 
highly specialized and harms firms with lower levels of specialization. The effects for 
separation follow a similar pattern. Hence, we can neither fully reject nor accept 
Hypotheses 5a and 5b. 
Moderation effects of organizational formalization  
Hypothesis 6 suggested that the level of formalization of innovation activities positively 
influences the performance effects of external knowledge search. That is, a firm 
                                                 
20
 Again, the plots for the examination of statistical significance can be found in Appendix 9. 
104 
 
searching broader or deeper externally for knowledge profits from accompanying these 
search efforts with higher levels of formalization. Our analysis reveals slight evidence 
for the positive effect of formalization.  
Table 11 reports the results of the regression analysis. We entered an interaction term 
between formalization and search breadth and depth, respectively (Models I and II). The 
interaction effect of search breadth and formalization is slightly significant (p< 0.1) and 
the associated signs – linear term positive, squared term negative – indicate a positive 
moderation effect of organizational formalization.  
Also here, as in the case of specialization, our analysis reveals no significant effects for 
the second dimension of external search, search depth (Models II, IV, and VI). For 
search breadth, however, the analysis further shows in Table 12 that formalization 
positively interacts with external search breadth when the dependent variable is “radical 
innovation performance” (Model V) but shows no significant effects when the 
dependent variable is “incremental innovation performance” (Model III).  
Again, we plotted this relation to gain better insights. Figure 23 shows that with 
increasing levels of search breadth, high levels of formalization come along with higher 
overall innovation performance. Whereas, at the beginning – at lower levels of search 
breadth – lower formalization levels show higher overall innovation performance. 
Looking at the marginal effects again, Figure 24 shows that at low openness levels, 
firms with intermediate formalization levels benefit from further openness more than 
others. Firms with high levels of formalization benefit more than others from more 
openness at medium openness levels. At very high levels of openness, the plot indicates 
that low formalizers would profit more from extra openness, yet this slope is not 
statistically significant.21 In sum, we conclude that formalization exhibits positive 
moderation effects, and thus we accept Hypothesis 6. 
                                                 
21
 The plots for the significance analyses can be found in Appendix 10.  
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Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E.
Constant 4.660 2.855 0.620 0.871
LN_AGE -0.131 0.100 -0.111 0.099
LN_EMP 0.216*** 0.080 0.176** 0.079
ind1 -0.067 0.443 -0.049 0.439
ind2 0.255 0.274 0.224 0.272
ind3 -0.860*** 0.306 -0.854*** 0.303
ind4 0.634** 0.307 0.652** 0.304
ind5 -0.097 0.388 -0.096 0.387
ind6 0.514 0.367 0.495 0.365
Breadth -0.942 0.808
Breadth2 0.068 0.056
Formalization -2.400* 1.339
Breadth x formalization 0.688* 0.371
Breadth2 x formalization -0.044* 0.025
Depth 0.329 0.320
Depth2 -0.013 0.033
Formalization 0.304 0.310
Depth x formalization -0.059 0.135
Depth2 x formalization 0.002 0.013
No of obs. 365 365
Left-censored obs. 65 65
Right-censored obs. 5 5
Log likelihood -647.444 -644.814
Chi-square 55.2*** 60.46***
Pseudo R
2
0.04 0.04
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
I II
INN INN
 
Table 11: Tobit regression, relationship between search breadth and depth and innovation 
performance - moderation effect of formalization 
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Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E. Coefficient S.E. Coefficient S.E.
Constant 1.403 2.715 -0.616 0.821 4.030 2.590 0.270 0.790
LN_AGE -0.076 0.093 -0.064 0.092 -0.123 0.091 -0.107 0.090
LN_EMP 0.193*** 0.075 0.158** 0.073 0.166** 0.073 0.137* 0.072
ind1 -0.017 0.410 0.001 0.405 0.139 0.400 0.167 0.397
ind2 0.326 0.255 0.308 0.252 0.334 0.248 0.304 0.246
ind3 -0.873*** 0.287 -0.863*** 0.283 -0.546** 0.278 -0.542** 0.275
ind4 0.589** 0.285 0.599** 0.282 0.636** 0.277 0.657** 0.275
ind5 -0.172 0.360 -0.170 0.358 0.239 0.350 0.231 0.350
ind6 0.556 0.341 0.531 0.338 0.509 0.332 0.487 0.331
Breadth -0.274 0.767 -0.944 0.733
Breadth2 0.025 0.053 0.070 0.051
Formalization -1.377 1.272 -2.170* 1.223
Breadth x formalization 0.414 0.351 0.633* 0.338
Breadth2 x formalization -0.027 0.024 -0.042* 0.023
Depth 0.531* 0.302 0.227 0.290
Depth2 -0.031 0.031 -0.002 0.030
Formalization 0.509* 0.291 0.342 0.281
Depth x formalization -0.139 0.126 -0.077 0.122
Depth2 x formalization 0.009 0.012 0.003 0.012
No of obs. 365 365 365 365
Left-censored obs. 79 79 73 73
Right-censored obs. 1 1 0 0
Log likelihood -609.183 -605.229 -610.045 -608.332
Chi-square 62.48*** 70.4*** 45.36*** 48.78***
Pseudo R
2
0.04 0.05 0.03 0.03
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
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Table 12: Relationship between search breadth and depth and different degrees of innovativeness - moderation effect of formalization 
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Figure 23: External search breadth, overall innovation performance, and the moderation effect of 
organizational formalization 
 
 
 
Figure 24: Level of partial effect of external search breadth for overall innovation performance by 
degree of formalization 
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Moderation effects of organizational decentralization  
Hypothesis 7 concerned the effects of decentralization for the relation between external 
search and innovation performance. It was stated that the delegation of decision rights 
would have a positive influence on the innovation output that firms can attain from 
external search. The results in Table 13 and Table 14 show no significant results, either 
for external search breadth or for external search depth as well as no results with regard 
to a differentiation of innovation outputs. Hence, we cannot accept Hypothesis 7. 
Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E.
Constant 0.979 3.031 -0.426 1.173
LN_AGE -0.117 0.101 -0.120 0.100
LN_EMP 0.222*** 0.081 0.179** 0.081
ind1 -0.018 0.446 -0.097 0.444
ind2 0.246 0.277 0.184 0.275
ind3 -0.868*** 0.310 -0.870*** 0.307
ind4 0.693** 0.308 0.656** 0.307
ind5 -0.088 0.394 -0.151 0.391
ind6 0.528 0.370 0.438 0.366
Breadth -0.024 0.886
Breadth2 0.010 0.064
Decentralization -1.411 1.682
Breadth x decentralization 0.472 0.483
Breadth2 x decentralization -0.033 0.034
Depth 0.712 0.532
Depth2 -0.042 0.058
Decentralization 0.783 0.549
Depth x decentralization -0.210 0.272
Depth2 x decentralization 0.013 0.029
No of obs. 365 365
Left-censored obs. 65 65
Right-censored obs. 5 5
Log likelihood -650.996 -649.551
Chi-square 64.38*** 67.26***
Pseudo R
2
0.04 0.04
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
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Table 13: Tobit regression, relationship between search breadth and depth and innovation 
performance - moderation effect of decentralization 
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Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E. Coefficient S.E. Coefficient S.E.
Constant -0.137 3.121 -0.772 1.101 0.002 2.764 -0.940 1.066
LN_AGE -0.059 0.093 -0.067 0.093 -0.116 0.091 -0.119 0.091
LN_EMP 0.192*** 0.075 0.155** 0.074 0.169** 0.073 0.142* 0.073
ind1 0.023 0.410 -0.039 0.410 0.176 0.402 0.108 0.401
ind2 0.337 0.256 0.270 0.254 0.309 0.250 0.258 0.248
ind3 -0.852*** 0.288 -0.862*** 0.287 -0.555** 0.280 -0.564** 0.278
ind4 0.646** 0.284 0.605** 0.284 0.674** 0.277 0.648** 0.277
ind5 -0.147 0.363 -0.231 0.361 0.225 0.355 0.174 0.353
ind6 0.576* 0.342 0.487 0.339 0.514 0.334 0.442 0.331
Breadth 0.202 0.905 0.018 0.809
Breadth2 -0.013 0.065 0.015 0.058
Decentralization -1.254 1.755 -0.737 1.505
Breadth x decentralization 0.352 0.498 0.335 0.434
Breadth2 x decentralization -0.019 0.035 -0.028 0.031
Depth 0.495 0.498 0.777 0.483
Depth2 -0.026 0.054 -0.052 0.052
Decentralization 0.566 0.514 0.929* 0.498
Depth x decentralization -0.088 0.254 -0.325 0.247
Depth2 x decentralization 0.004 0.027 0.025 0.027
No of obs. 365 365 365 365
Left-censored obs. 79 79 73 73
Right-censored obs. 1 1 0 0
Log likelihood -610.149 -609.464 -613.049 -612.514
Chi-square 73.62*** 74.98*** 52.92*** 53.98***
Pseudo R
2
0.05 0.05 0.04 0.04
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
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Table 14: Relationship between search breadth and depth and different degrees of innovativeness - moderation effect of decentralization
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Finally, the values for the control variables indicate that firm size positively influences 
innovation performance. This is found for both search strategies and for all different 
moderator analyses. Size matters for both incremental and radical innovation 
performance, but larger organizations are slightly more often successful in the 
generation of incremental innovation (Tables 7-14) 
 
5.3 Analysis of the moderation effects of organizational culture 
In a further step we examined specific cultural traits which an organization can exhibit 
and which are of relevance to the organization’s ability to seek and utilize external 
knowledge. In Hypotheses 8 to 10 we proposed that firms’ internal connectedness as 
well as their general attitude of open mindedness facilitate open innovation 
performance, whereas a negative attitude towards external knowledge (“not-invented-
here”) was proposed to have negative consequences for firms’ ability to profit from 
external knowledge. Utilizing a data set of 365 firms, we employed a moderation 
analysis and entered interaction terms between search breadth and depth and the 
respective cultural dimensions into the base model (Aiken and West, 1991; Baron and 
Kenny, 1986). In this analysis we controlled for the age and size (in terms of employee 
numbers) of firms as well as firms’ R&D expenditure (as representative of a firm’s 
absorptive capacity). 
In Hypotheses 8 and 9 we suggested that the degree of internal connectedness and the 
general sentiment climate within an organization of open mindedness would positively 
influence the inverted U-shaped relation between openness and innovation performance. 
We entered the interaction terms (linear and squared) between internal connectedness 
and openness in terms of external search breadth and depth into the models (Model I for 
Breadth and Model II for Depth in Table 15). The interaction of external search and 
open mindedness is shown in Table 16 (Models I and II). 
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Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E.
Constant 1.107 8.459 -1.032 1.887
LN_AGE -0.022 0.096 -0.021 0.095
LN_EMP 0.222*** 0.076 0.179** 0.075
LN_EXPIN 0.640*** 0.109 0.622*** 0.109
ind1 -0.116 0.421 -0.155 0.418
ind2 0.064 0.261 0.057 0.259
ind3 -0.835*** 0.289 -0.781*** 0.287
ind4 0.127 0.302 0.162 0.301
ind5 -0.249 0.366 -0.244 0.365
ind6 0.387 0.347 0.399 0.345
Breadth -3.204 2.375
Breadth2 0.213 0.158
Internal connectedness -0.264 1.968
Breadth x internal connectedness 0.810 0.551
Breadth2 x internal connectedness -0.053 0.037
Depth 0.503 0.823
Depth2 -0.044 0.080
Internal connectedness 0.337 0.429
Depth x internal connectedness -0.061 0.192
Depth2 x internal connectedness 0.007 0.019
No of obs. 365 365
Left-censored obs. 65 65
Right-censored obs. 5 5
Log likelihood -627.678 -625.682
Chi-square 94.74*** 98.72***
Pseudo R
2
0.07 0.07
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
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Table 15: Tobit regression, relationship between search breadth and depth and innovation 
performance - moderation effect of internal connectedness 
The results show that both internal connectedness and open mindedness do not have a 
significant influence on the relation between external search breadth and depth and 
overall innovation performance.  
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Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E.
Constant -0.803 5.525 -1.978 1.466
LN_AGE -0.027 0.095 -0.018 0.094
LN_EMP 0.216*** 0.075 0.187** 0.074
LN_EXPIN 0.609*** 0.108 0.588*** 0.108
ind1 -0.283 0.417 -0.253 0.411
ind2 0.106 0.259 0.112 0.256
ind3 -0.828*** 0.287 -0.785*** 0.283
ind4 0.187 0.300 0.219 0.298
ind5 -0.257 0.364 -0.219 0.362
ind6 0.391 0.344 0.410 0.341
Breadth -0.200 1.566
Breadth2 0.030 0.107
Open mindedness 0.204 1.461
Breadth x open mindedness 0.115 0.414
Breadth2 x open mindedness -0.011 0.028
Depth 0.694 0.623
Depth2 -0.056 0.062
Open mindedness 0.649* 0.383
Depth x open mindedness -0.128 0.170
Depth2 x open mindedness 0.012 0.017
No of obs. 365 365
Left-censored obs. 65 65
Right-censored obs. 5 5
Log likelihood -624.147 -621.187
Chi-square 101.8*** 107.72***
Pseudo R
2
0.07 0.07
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
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Table 16: Tobit regression, relationship between search breadth and depth and innovation 
performance - moderation effect of open mindedness 
When differentiating on the innovation output and relating external search to 
incremental and radical innovation performance, respectively, the results show no 
significant interactions for open mindedness, but internal connectedness interacts 
significantly with search breadth when relating to incremental innovation performance 
(Table 17 and Table 18).  
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Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E. Coefficient S.E. Coefficient S.E.
Constant 1.052* 7.959 -0.992 1.770 4.229 7.650 -1.954 1.714
LN_AGE 0.024 0.089 0.017 0.088 -0.022 0.086 -0.021 0.086
LN_EMP 0.208*** 0.070 0.168** 0.070 0.165** 0.069 0.140** 0.068
LN_EXPIN 0.577*** 0.101 0.573*** 0.102 0.630*** 0.098 0.609*** 0.099
ind1 -0.035 0.390 -0.099 0.388 0.040 0.381 0.005 0.378
ind2 0.174 0.242 0.140 0.241 0.133 0.236 0.130 0.234
ind3 -0.861*** 0.271 -0.813*** 0.269 -0.507* 0.262 -0.470* 0.260
ind4 0.113 0.280 0.124 0.281 0.138 0.272 0.177 0.272
ind5 -0.313 0.339 -0.324 0.339 0.089 0.331 0.092 0.330
ind6 0.431 0.322 0.410 0.321 0.403 0.314 0.411 0.312
Breadth -4.580** 2.238 -1.253 2.147
Breadth2 0.303** 0.149 0.084 0.143
Internal connectedness -3.940** 1.547 '-1.110 1.779
Breadth x internal connectedness 1.116** 0.519 0.341 0.498
Breadth2 x internal connectedness -0.076** 0.035 -0.022 0.033
Depth 0.104 0.772 0.841 0.747
Depth2 -0.006 0.075 -0.071 0.072
Internal connectedness 0.151 0.402 0.495 0.389
Depth x internal connectedness 0.038 0.179 -0.171 0.174
Depth2 x internal connectedness -0.002 0.017 0.016 0.017
No of obs. 365 365 365 365
Left-censored obs. 79 79 73 73
Right-censored obs. 1 1 0 0
Log likelihood -586.902 -586.752 -589.860 -588.429
Chi-square 107.04*** 107.34*** 85.72*** 88.6***
Pseudo R
2
0.08 0.08 0.06 0.07
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
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Table 17: Relationship between search breadth and depth and different degrees of innovativeness - moderation effect of internal connectedness 
114 
 
Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E. Coefficient S.E. Coefficient S.E.
Constant -3.476 5.304 -2.739** 1.387 -0.806 5.019 -2.195 1.338
LN_AGE 0.015 0.088 0.021 0.087 -0.025 0.086 -0.023 0.085
LN_EMP 0.197*** 0.070 0.174** 0.069 0.163** 0.068 0.142** 0.067
LN_EXPIN 0.551*** 0.101 0.541*** 0.101 0.602*** 0.098 0.582*** 0.098
ind1 -0.219 0.386 -0.204 0.382 -0.053 0.377 -0.057 0.374
ind2 0.197 0.241 0.192 0.238 0.169 0.234 0.174 0.233
ind3 -0.841*** 0.269 -0.811*** 0.266 -0.506* 0.260 -0.476* 0.258
ind4 0.171 0.279 0.187 0.278 0.174 0.271 0.213 0.271
ind5 -0.322 0.338 -0.299 0.337 0.081 0.329 0.108 0.328
ind6 0.436 0.320 0.436 0.317 0.399 0.312 0.390 0.310
Breadth 0.397 1.498 -0.157 1.421
Breadth2 -0.010 0.102 0.024 0.097
Open mindedness 0.558 1.395 0.121 1.325
Breadth x open mindedness -0.001 0.394 0.089 0.375
Breadth2 x open mindedness -0.002 0.027 -0.008 0.026
Depth 0.770 0.587 0.648 0.567
Depth2 -0.064 0.058 -0.044 0.056
Open mindedness 0.651* 0.362 0.653* 0.349
Depth x open mindedness -0.141 0.160 -0.152 0.155
Depth2 x open mindedness 0.013 0.016 0.011 0.015
No of obs. 365 365 365 365
Left-censored obs. 79 79 73 73
Right-censored obs. 1 1 0 0
Log likelihood -585.379 -582.524 -586.725 -585.026
Chi-square 110.1*** 115.8*** 92.0*** 95.4***
Pseudo R
2
0.08 0.09 0.07 0.07
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
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Table 18: Relationship between search breadth and depth and different degrees of innovativeness - moderation effect of open mindedness 
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In order to gain a better understanding of the actual implications of internal 
connectedness for the relation between search breadth and incremental innovation 
performance, we need to display the relation slopes graphically. Doing so, we followed 
Greene (2003) and plotted the respective significant interactions. Figure 25 shows the 
relation between external search breadth and incremental innovation performance for 
different levels of internal connectedness. Initially low levels of connectedness within 
the organization play off higher levels of internal connectedness, yet with increasing 
openness, firms with very high levels of connectedness generate higher incremental 
innovation performance. This is confirmed by the analysis of the marginal effects that 
external search breadth has for innovation performance, given a certain degree of 
internal connectedness prevalent within the firm, which is shown in Figure 26. 
 
Figure 25: External search breadth, incremental innovation performance, and the moderation 
effect of internal connectedness 
Operating at low levels of external search breadth, firms profit from increasing their 
openness levels when they show very high levels of internal connectedness, whereas 
firms with low levels of connectedness among units and employees even generate 
negative benefits. And only for these levels of openness can a statistically significant 
conclusion be drawn from our data. The curve for very high connectedness levels is 
significant within the range of 1.5 to 7 sources and the curve for low connectedness is 
significant between 1.5 and 3 sources.22 
                                                 
22
 The plots for the significance analyses can be found in Appendix 11.  
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Figure 26: Level of partial effect of external search breadth for incremental innovation 
performance by degree of internal connectedness 
In sum, we can partially support Hypothesis 8, but we find no supporting evidence for 
Hypothesis 9. This means that we cannot find empirical evidence for the importance 
that the degree of open mindedness within an organization has for improving a firm’s 
ability to increase its innovation performance by means of external knowledge search. 
Yet, the degree of internal connectedness seems to be an important aspect for the 
successful generation of innovation performance by means of external knowledge 
acquisition. High levels of connectedness within an organization improve firms’ 
potential to generate incremental innovation output from externally generated 
knowledge.  
We further investigated how the attitudes of an organization towards external 
knowledge would affect the inverted U-shaped relation. Therefore, we entered an 
interaction term between external search breadth and depth, respectively, and the 
measure for the existence of the “not-invented-here”-syndrome (NIH). Table 19 
reports the results for overall innovation performance (Models I and II).  
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Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E.
Constant 6.467 4.691 3.628*** 1.392
LN_AGE -0.032 0.096 -0.006 0.095
LN_EMP 0.213*** 0.076 0.182** 0.075
LN_EXPIN 0.674*** 0.109 0.655*** 0.109
ind1 -0.289 0.424 -0.310 0.417
ind2 0.080 0.264 0.090 0.259
ind3 -0.818*** 0.290 -0.740*** 0.287
ind4 0.175 0.304 0.168 0.299
ind5 -0.218 0.370 -0.145 0.368
ind6 0.398 0.349 0.408 0.343
Breadth -1.313 1.308
Breadth2 0.079 0.089
NIH -2.224 1.471
Breadth x NIH 0.531 0.416
Breadth2 x NIH -0.031 0.028
Depth -1.084* 0.561
Depth2 0.102* 0.053
NIH -1.068*** 0.413
Depth x NIH 0.424** 0.172
Depth2 x NIH -0.038** 0.016
No of obs. 365 365
Left-censored obs. 65 65
Right-censored obs. 5 5
Log likelihood -629.502 -624.789
Chi-square 91.08*** 100.52***
Pseudo R
2
0.06 0.07
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
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Table 19: Tobit regression, relationship between search breadth and depth and innovation 
performance - moderation effect of "not-invented-here"-attitudes 
Hypothesis 10 stated that the existence of the “not-invented-here”-syndrome (NIH) has 
negative implications for the relation between firms’ openness and their innovation 
performance. The results of our analysis show that the interaction effect of search depth 
and firms’ external search activities is significant for overall innovation performance 
(Table 19, Model II). For search breadth, however, no significant implications of a “not-
invented-here”-attitude could be detected (Table 19, Model I).  
To gain a better understanding of the actual direction of the interaction, the relations 
have to be plotted (Greene, 2003). Figure 27 shows the shapes of the relation between 
external search depth and overall innovation performance differentiated by the levels of 
NIH. 
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Figure 27: External search depth, overall innovation performance, and the moderation effect of 
"not-invented-here"-attitudes 
The figure shows the dominance of firms exhibiting low levels of NIH, as compared to 
firms with high and very high levels of NIH almost throughout the whole range of 
openness. Investigating the marginal effects of search depth, Figure 28 shows that firms 
with low levels of NIH profit more from an increase in openness when openness levels 
are high already. At lower levels of openness, firms with high levels of NIH generate 
higher marginal returns on extra openness. Yet, looking at the statistical significance, 
we see that only the slopes for high and very high NIH are significant in the range from 
zero to five sources.23  
                                                 
23
 The plots for the significance analyses can be found in Appendix 12.  
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Figure 28: Level of partial effect of external search depth for overall innovation performance by 
degree of "not-invented-here"-attitudes 
After differentiating on the innovation output, search depth shows significant 
interactions with NIH for incremental and radical innovation performance (Table 20, 
Models IV and VI). In the case of radical innovation performance, also search breadth 
exhibits a significant interaction with NIH (Table 20, Model V). These relations were 
likewise plotted and show a similar picture. Figure 29 shows the plot for search depth 
and radical innovation performance. Again, low levels of NIH in interaction with 
external search depth lead to higher innovation performance on average. This also holds 
true for the case of external search breadth in relation to radical innovation performance, 
as shown in Figure 30. Again, we conducted an analysis of the marginal effects. In the 
case of search depth and radical innovation performance, the slope for very high NIH is 
significant for the range from zero to five sources. The slope for low NIH is significant 
for the ranges from zero to 1 and seven to ten sources. Similarly in the case of search 
breadth, the slopes for high and very high NIH show statistical significance in the range 
from zero to six and one to seven sources, respectively. The slope for low NIH can be 
detected as significant from zero to two sources.24 
                                                 
24
 The plots for the analysis of marginal effects and the respective significance analyses can be found in 
Appendices 13-15. 
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Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E. Coefficient S.E. Coefficient S.E.
Constant -0.585 4.488 1.676 1.314 8.644** 4.225 3.509*** 1.251
LN_AGE 0.014 0.090 0.027 0.089 -0.032 0.086 -0.005 0.085
LN_EMP 0.199*** 0.071 0.169** 0.070 0.160** 0.068 0.138** 0.067
LN_EXPIN 0.610*** 0.102 0.602*** 0.102 0.647*** 0.098 0.642*** 0.098
ind1 -0.194 0.395 -0.229 0.390 -0.043 0.379 -0.073 0.375
ind2 0.138 0.247 0.155 0.243 0.184 0.236 0.176 0.233
ind3 -0.848*** 0.274 -0.786*** 0.271 -0.475* 0.260 -0.412 0.258
ind4 0.139 0.284 0.139 0.280 0.192 0.271 0.169 0.268
ind5 -0.315 0.346 -0.258 0.344 0.142 0.330 0.203 0.330
ind6 0.446 0.327 0.432 0.322 0.423 0.313 0.416 0.309
Breadth 0.270 1.243 -2.264* 1.176
Breadth2 -0.017 0.084 0.14902* 0.080
NIH -0.387 1.394 -3.038** 1.332
Breadth x NIH 0.072 0.393 0.824** 0.376
Breadth2 x NIH -0.003 0.027 -0.053** 0.026
Depth -0.624 0.528 -1.372*** 0.503
Depth2 0.063 0.049 0.127*** 0.047
NIH -0.677* 0.390 -1.103*** 0.371
Depth x NIH 0.287* 0.162 0.472*** 0.155
Depth2 x NIH -0.026* 0.015 -0.042*** 0.015
No of obs. 365 365 365 365
Left-censored obs. 79 79 73 73
Right-censored obs. 1 1 0 0
Log likelihood -592.711 -588.473 -588.176 -584.973
Chi-square 95.42*** 103.9*** 89.1*** 95.5***
Pseudo R
2
0.07 0.08 0.07 0.07
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
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Table 20: Relationship between search breadth and depth and different degrees of innovativeness - moderation effect of "not-invented-here"-attitudes 
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Figure 29: External search depth, radical innovation performance, and the moderation effect of 
"not-invented-here"-attitudes 
 
 
 
Figure 30: External search breadth, radical innovation performance, and the moderation effect of 
"not-invented-here"-attitudes 
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Regarding the control variables, the values indicate that firm size positively influences 
innovation performance. This holds for both search strategies and over all different 
moderator analyses. Size matters for both incremental and radical innovation 
performance. As expectable, the expenditure of firms for R&D has significant and 
strong positive implications for firms’ innovation performance (Tables 15-20). 
In sum, we cannot support or reject Hypothesis 10 terminally. Negative attitudes 
towards external knowledge (NIH) seem to pose a problem for firms attempting to 
benefit from external knowledge search. Particularly so, for the generation of radical 
innovation output and deep external linkages (i.e. search depth). Here, the “not-
invented-here”-syndrome as a trait of an organization’s culture is especially problematic 
when openness levels are high. Firms profit from further increases only when the level 
of NIH is low. Yet, the results also show that when openness levels are lower, NIH does 
not seem to be too problematic after all.  
 
5.4 Analysis of the moderation effects of innovation strategy 
Finally, we investigated the contingency effects of innovation strategy for the relation 
between firms’ external search activities and their innovation performance. In this 
analysis, we used a sample of 365 firms, and we controlled for the age and size of firms. 
For analyzing the impact of innovation strategy for external search, we relied on the 
distinction between an explorative innovation strategy and an exploitative innovation 
strategy as well as the simultaneous pursuit of both: an ambidextrous innovation 
strategy (He and Wong, 2004:484). The objective was to determine (a) whether firms do 
better and profit more from openness when they pursue a multitude of innovation 
objectives (i.e. ambidexterity) or rather when they align their external search efforts 
with a specialized innovation intent (i.e. either exploitation or exploration) and (b), 
which innovation orientation then suits a broad and a deep external search strategy 
better. 
In Hypotheses 11 and 12 we proposed that search breadth would profit from an 
exploration orientation rather than an exploitation orientation, and search depth rather 
from an exploitation focus in innovation strategy. In order to analyze these hypotheses, 
we generated a sub-sample, which only contained firms which either followed an 
exploration or an exploitation strategy. Firms which were not able to be identified as 
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explorer or exploiter, or which followed both innovation orientations, thus which had 
adopted an ambidextrous innovation orientation were left out of the analysis for 
Hypotheses 11 and 12. In addition, we computed a dummy variable for the pursuit of an 
exploration strategy (d-exploration). This dummy variable adopts values of 1 for 
exploration orientation and 0 for exploitation orientation.25 The moderation of the initial 
relation between search breadth and depth and innovation performance by the dummy 
variable allows to analyze which effects search breadth and depth have, dependent on 
the value of the dummy variable, hence either the firms are explorers or exploiters.   
Table 21 reports the results for Hypotheses 11 and 12 with regard to overall innovation 
performance. Search breadth does not show significant interaction with exploration 
orientation, which indicates that explorers do not benefit significantly more from search 
breadth than do exploiters (Model I). Thus we find no support for Hypothesis 11, which 
states that the impact of search breadth would be strengthened by the pursuit of an 
exploration strategy rather than an exploitation strategy. Looking at search depth 
(Model II), we find a significant interaction with the dummy variable. However, the 
coefficient is negative, thus indicating that exploiters profit more from depth than 
explorers. This supports our hypothesis that the impact of search depth would be 
facilitated by the pursuit of an exploitation-focused innovation orientation rather than by 
the pursuit of exploration objectives.  
A further analysis of these hypotheses, differentiating innovation performance into 
radical and incremental innovation, largely confirms the results for search depth. 
However, the results for the relation between breadth and incremental innovation 
performance even provide slight evidence that also for breadth, exploiters profit more 
than explorers.26 Altogether, however, it has to be conceded that the evidence for any of 
the assumed relationships is rather scarce. 
                                                 
25
 In fact, the value 0 means that firms cannot be coded as explorers. Yet this is the same as if they were 
coded as exploiters. 
26
 The table for the analyses for incremental and radical innovation performance can be found in 
Appendix 16. 
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Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E.
Constant -4.851* 2.825 0.528 1.055
LN_AGE -0.362** 0.157 -0.419***      0.159
LN_EMP 0.323*** 0.125 0.327**      0.127
ind1 0.003 0.654 0.160 0.662
ind2 0.613 0.414 0.613 0.419
ind3 -0.606        0.478 -0.728         0.480
ind4 1.192***     0.446 1.164***      0.452
ind5 -0.019        0.588 0.029 0.593
ind6 0.996*      0.588 0.709 0.580
Breadth 1.599** 0.741
Breadth2 -0.093* 0.058
D_Exploration 6.938* 3.559
Breadth x d_exploration -1.595 1.010
Breadth2 x d_exploration 0.086 0.069
Depth 0.499 0.308
Depth2 -0.038         0.032
D_Exploration 2.765***      0.947
Depth x d_exploration -1.158***      0.437
Depth2 x d_exploration 0.097**       0.045
No of obs. 156 156
Left-censored obs. 29 29
Right-censored obs. 0 0
Log likelihood -269.210 -271.483
Chi-square 45.66*** 41.12***
Pseudo R
2
0.07 0,07
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
I II
INN INN
 
Table 21: Tobit regression, relationship between search breadth and depth and innovation 
performance - moderation effect of exploration and exploitation orientation 
Hypotheses 13 and 14 proposed that both external search breadth and depth would 
benefit from an ambidextrous innovation strategy as well as that the pursuit of an 
ambidextrous focus in innovation strategy would lead to higher innovation performance 
impact of search breadth and depth than the focus on either exploration or exploitation 
(Doganova et al., 2009). 
Table 22 shows the results for the interaction of external search breadth and depth and 
ambidextrous innovation strategy, respectively. Both breadth and depth exhibit 
significant interactions with ambidexterity in relation to overall innovation performance 
(Models I and II). This largely holds when differentiating the innovation performance 
into incremental and radical innovation output. Table 23 shows that external search 
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breadth interacts statistically significant with ambidextrous innovation strategy on both 
performance variables and depth with regard to radical innovation only (Models III – 
VI). 
Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E.
Constant -0.278 1.484 1.494** 0.593
LN_AGE -0.129 0.100 -0.117 0.097
LN_EMP 0.244*** 0.080 0.187** 0.078
ind1 -0.033 0.440 -0.106 0.431
ind2 0.176 0.274 0.245 0.268
ind3 -0.879*** 0.304 -0.837*** 0.299
ind4 0.625** 0.305 0.689** 0.299
ind5 -0.056 0.387 -0.002 0.382
ind6 0.430 0.366 0.481 0.357
Breadth 0.485 0.381
Breadth2 -0.027 0.026
Ambidexterity 8.404** 3.697
Breadth x ambidexterity -2.554** 1.066
Breadth2 x ambidexterity 0.177** 0.074
Depth 0.110 0.149
Depth2 -0.0007 0.015
Ambidexterity -2.490*** 0.747
Depth x ambidexterity 0.962** 0.374
Depth2 x ambidexterity -0.072* 0.041
No of obs. 365 365
Left-censored obs. 65 65
Right-censored obs. 5 5
Log likelihood -646.391 -638.431
Chi-square 57.3*** 73.22***
Pseudo R
2
0.04 0.05
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
I II
INN INN
 
Table 22: Tobit regression, relationship between search breadth and depth and innovation 
performance - moderation effect of ambidextrous innovation strategy 
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Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E. Coefficient S.E. Coefficient S.E.
Constant -1.952 1.424 0.569 0.560 -0.349 1.345 1.238** 0.539
LN_AGE -0.078 0.092 -0.072 0.091 -0.117 0.090 -0.113 0.088
LN_EMP 0.230*** 0.074 0.173** 0.073 0.180** 0.072 0.142** 0.071
ind1 0.012 0.406 -0.065 0.403 0.163 0.398 0.117 0.391
ind2 0.255 0.254 0.307 0.252 0.261 0.248 0.305 0.243
ind3 -0.869*** 0.284 -0.863** 0.283 -0.549** 0.276 -0.526* 0.271
ind4 0.573** 0.282 0.627** 0.280 0.624** 0.275 0.667** 0.270
ind5 -0.132 0.358 -0.118 0.358 0.257 0.350 0.298 0.346
ind6 0.463 0.339 0.498 0.335 0.442 0.331 0.474 0.324
Breadth 0.706* 0.365 0.355 0.346
Breadth2 -0.040 0.025 -0.018 0.024
Ambidexterity 11.021*** 3.610 5.782* 3.353
Breadth x ambidexterity -3.284*** 1.045 -1.732* 0.967
Breadth2 x ambidexterity 0.226*** 0.073 0.11585* 0.067
Depth 0.187 0.141 -0.020 0.135
Depth2 -0.007 0.014 0.010 0.013
Ambidexterity -1.520** 0.684 -2.279*** 0.685
Depth x ambidexterity 0.550 0.347 0.862** 0.342
Depth2 x ambidexterity -0.038 0.038 -0.067* 0.037
No of obs. 365 365 365 365
Left-censored obs. 79 79 73 73
Right-censored obs. 1 1 0 0
Log likelihood -605.493 -604.097 -609.203 -602.572
Chi-square 69.86*** 72.66*** 47.04*** 54.3***
Pseudo R
2
0.05 0.05 0.03 0.04
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
NEW
III IV V VI
IMPR IMPR NEW
 
Table 23: Relationship between search breadth and depth and different degrees of innovativeness - moderation effect of ambidextrous innovation strategy 
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Again, the interpretation of the moderation of non-linear relationships cannot simply be 
established from the sole regression parameters.27 That is why we plotted the respective 
relations to better illustrate and to get a clear picture of the actual interaction effects. 
Figure 31 shows the shapes of the relation between external search breadth and overall 
innovation performance differentiated by the levels of ambidexterity. Initially, at low 
levels of external search breadth (i.e. only few external sources), high levels of 
ambidexterity support external search and lead to higher innovation performance 
compared to lower levels of organizational ambidexterity. Yet, with rising levels of 
external search breadth, the positive effects of ambidexterity recede and firms exhibiting 
low ambidexterity levels attain higher innovation performance. 
 
Figure 31: External search breadth, overall innovation performance, and the moderation effect of 
ambidextrous innovation strategy 
We depicted these relations only for the dependent variable of overall innovation 
performance, but for incremental and radical innovation performance, the picture is 
roughly identical. In a further step, we analyzed the marginal performance effects of 
openness, given certain levels of ambidextrous innovation strategy. These relations are 
shown in Figure 32. 
                                                 
27
 For the analysis of non-linear moderation effects, we followed the methodological approach of Greene 
(2003) and plotted the respective relations.  
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Figure 32: Level of partial effect of external search breadth for overall innovation performance by 
degree of ambidexterity 
Figure 32 shows the slopes of the marginal effects of external search breadth 
differentiated by the varying degrees of ambidexterity. At any given position of search 
breadth on any of the curves, the marginal effect indicates whether a further increase is 
of benefit or harm with regard to overall innovation performance. Figure 32 shows that 
firms initially (at low openness levels) profit from increasing external search breadth 
more with low to average degrees of ambidexterity in their innovation strategy. At very 
high openness levels, however, a further increase of external source utilization is only 
sensible with an ambidextrous innovation strategy again (i.e. the pursuit of several and 
various innovation objectives).28 
The same analysis was carried out for the depth dimension of firms’ external search. 
Figure 33 shows that external search depth initially benefits from lower ambidexterity 
levels, but that with increasing firms’ openness, the pursuit of multiple innovation goals, 
hence ambidexterity, becomes the preferred choice.  
                                                 
28
 The figures for the analyses of statistical significance can be found in Appendices 17 and 18.  
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Figure 33: External search depth, overall innovation performance, and the moderation effect of 
ambidextrous innovation strategy 
This is confirmed by the marginal analysis, which shows that firms profit from 
increasing their openness levels when they follow ambidextrous innovation orientation. 
Figure 34 shows that for high and very high ambidexterity firms generate the highest 
marginal returns on increasing external search depth.29  
 
Figure 34: Level of partial effect of external search depth for overall innovation performance by 
degree of ambidexterity 
                                                 
29
 The slopes referred to are the green and violet ones. Only these show statistical significance in the 
range from zero to five and six sources.  
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Hypothesis 13 examined whether or not external search is influenced by the adoption or 
pursuit of an ambidextrous innovation strategy by a firm and which direction this 
influence would take. Hypothesis 14, in addition, suggests that an ambidextrous 
innovation strategy plays out the adoption of specialized innovation strategies, i.e. either 
exploration or exploitation, concerning the effects with regard to facilitating the 
performance impact of external search breadth and depth. In other word, firms benefit 
more from openness when adopting an ambidexterity strategy than when they focus on 
one direction – exploration or exploitation – alone.  
For conducting these analyses, we differentiated the sample along the dimensions of 
exploration, exploitation, and ambidexterity. We generated a sub-sample, which 
consisted of firms which either were able to be classified as explorers or as exploiters 
(i.e. adopters of specialized strategies), only. Secondly, we generated a sub-sample with 
firms able to be classified as adopters of an ambidextrous innovation strategy (i.e. both 
directions are being pursued simultaneously on a high level) only. Within these 
samples, we then simply examined the relation between search breadth, search depth, 
and the different degrees of innovativeness. Table 24 shows the results for the relation 
between external search breadth and depth and overall innovation performance for the 
sample of firms with specialized innovation strategies. Here, only the breadth dimension 
exhibits a significant interaction with innovation performance Model I).  
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Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E.
Constant -1.848 1.753 1.913** 0.951
LN_AGE -0.362** 0.161 -0.401** 0.163
LN_EMP 0.364*** 0.127 0.332** 0.130
ind1 0.170 0.664 0.128 0.677
ind2 0.497 0.418 0.474 0.427
ind3 -0.684 0.481 -0.750 0.490
ind4 1.038** 0.452 1.048** 0.460
ind5 -0.131 0.594 -0.176 0.602
ind6 0.614 0.581 0.382 0.584
Breadth 0.926** 0.418
Breadth2 -0.059** 0.029
Depth -0.056 0.220
Depth2 0.008 0.023
No of obs. 156 156
Left-censored obs. 29 29
Right-censored obs. 0 0
Log likelihood -273.133 -276.167
Chi-square 37.82*** 31.76***
Pseudo R
2
0.06 0.05
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
I II
INN INN
 
Table 24:  Tobit regression, relationship between search breadth and depth and innovation 
performance - sample specialized strategies 
When looking at the same relations within the sample of firms with ambidextrous 
innovation strategies, one sees that only depth impacts innovation performance 
significantly (Table 25, Model II). These results also hold after differentiating the 
innovation performance into incremental and radical innovation performance.30  
 
 
                                                 
30
 The tables for the respective regression analyses can be found in Appendix 19. 
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Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E.
Constant -2.451 2.639 0.459 0.901
LN_AGE -0.066 0.139 -0.094 0.135
LN_EMP 0.161 0.107 0.131 0.104
ind1 0.014 0.696 -0.171 0.678
ind2 0.523 0.386 0.340 0.376
ind3 -0.460 0.433 -0.716* 0.416
ind4 0.427 0.439 0.237 0.429
ind5 0.767 0.588 0.573 0.570
ind6 0.771 0.481 0.561 0.457
Breadth 1.071 0.674
Breadth2 -0.061 0.044
Depth 0.608** 0.260
Depth2 -0.037* 0.022
No of obs. 137 137
Left-censored obs. 17 17
Right-censored obs. 5 5
Log likelihood -233.605 -229.740
Chi-square 19.7* 27.44***
Pseudo R
2
0.04 0.05
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
I II
INN INN
 
 
Table 25: Tobit regression, relationship between search breadth and depth and innovation 
performance - sample ambidextrous strategies 
 
The results show that firms with specialized search strategies rather benefit from 
searching broadly in their external environment. Firms characterized by the adoption of 
ambidextrous innovation strategies rather benefit from search depth, hence intense 
external relations. This is largely in line with the findings concerning Hypothesis 13 
above, which found external search breadth to rather benefit from low levels of 
ambidexterity and search depth to profit from higher ambidexterity levels. This leads us 
to confirm support for Hypotheses 13 and 14 with regard to external search depth only. 
 
5.5 Summary of hypotheses testing  
Summarizing, we find support for the positive yet limited effects of accessing and 
utilizing external knowledge for innovation performance. We further investigated 
whether firms are able to align themselves with their external search efforts to be in a 
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better position to profit from open innovation. This research has posited several 
structure-, culture-, and strategy-related hypotheses, representing possible management 
approaches to conducting firms’ search efforts. By large, there is evidence that firms’ 
management has levers to influence their potential for innovation success from open 
innovation (Table 26). We will discuss these findings in greater detail in the next 
chapter. 
# 
Hypothesis Hypotheses 
Supported
/ not 
supported 
 
External knowledge search strategies and innovation performance 
 
1 
External search breadth exhibits a curvilinear relationship (taking an 
inverted U-shape) to innovation performance. 
 
2 
External search depth exhibits a curvilinear relationship (taking an 
inverted U-shape) to innovation performance. 
 
 External knowledge search strategies and degrees of innovativeness  
 
3 
The more radical the innovation, the less effective external search 
breadth will be in influencing innovative performance. 
× 
4 
The more radical the innovation, the more effective external search 
depth will be in influencing innovative performance. 
× 
 Organizational structures, external search, and innovation 
performance 
 
5a 
The relation between openness to external knowledge (i.e. search 
breadth and depth) and innovation performance is negatively 
moderated by organizational specialization. 
 
 (breadth) 
5b 
The relation between openness to external knowledge (i.e. search 
breadth and depth) and innovation performance is positively 
moderated by organizational specialization. 
 
 (breadth) 
6 
The relation between openness to external knowledge (i.e. search 
breadth and depth) and innovation performance is positively 
moderated by organizational formalization. 
 
(breadth) 
7 
The relation between openness to external knowledge (i.e. search 
breadth and depth) and innovation performance is positively 
moderated by organizational decentralization. 
n.s. 
 
Organizational culture, external search, and innovation performance 
 
8 
The relation between openness to external knowledge (i.e. search 
breadth and depth) and innovation performance is positively 
moderated by firms exhibiting internal connectedness. 
 
 (breadth) 
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9 
The relation between openness to external knowledge (i.e. search 
breadth and depth) and innovation performance is positively 
moderated by firms exhibiting open mindedness. 
n.s. 
10 
The relation between openness to external knowledge (i.e. search 
breadth and depth) and innovation performance is negatively 
moderated by firms exhibiting “not-invented-here”-attitudes. 
 
 
Organizational strategy, external search, and innovation performance 
 
11 
Firms’ external search breadth affects innovation performance more 
strongly when an explorative innovation strategy is pursued than when 
an exploitative innovation strategy is pursued. 
× 
12 
Firms’ external search depth affects innovation performance more 
strongly when an exploitative innovation strategy is pursued than when 
an explorative innovation strategy is pursued. 
 
13 
The relation between openness to external knowledge (i.e. search 
breadth and depth) and innovation performance is positively 
moderated by the pursuit of an ambidextrous innovation strategy (i.e. 
multiple innovation objectives). 
 
(depth) 
× 
(breadth) 
14 
Firms’ external search (i.e. breadth and depth) affects innovation 
performance stronger with an ambidextrous innovation strategy than 
with specialized ones. 
 
(depth) 
Table 26: Overview results of hypotheses testing 
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6 Discussion of results, implications, and contributions 
This research addresses the organizational alignment of firms with their open innovation 
activities. We contribute to theory by addressing a gap of insights in the literature 
regarding contingency and management conditions for firms’ success with open 
innovation. Building on existing research about the effects of organizational structure, 
organizational culture, and innovation strategy for external knowledge integration and 
innovation performance, we analyzed how these contingency factors affect firms’ open 
innovation performance. The results obtained provide answers to the research questions 
of this study (Chapter 2). Table 27 provides a comprehensive overview of these 
analyses. In the following, we will discuss the results and the theoretical implications 
and contributions of this research (Section 6.1). In Section 6.2, we provide managerial 
implications and conclude with a discussion of limitations and opportunities for further 
research. 
 
6.1 Theoretical implications and contributions 
6.1.1 External search breadth, external search depth, and innovation performance 
Although evidence exists for the performance contributions of external knowledge 
(Cassiman and Veugelers, 2006; Katila and Ahuja, 2002; Laursen and Salter, 2006; 
Leiponen and Helfat, 2010; Rosenkopf and Nerkar, 2001; Rothaermel and Alexandre, 
2009), the strategic differentiation of firms’ search behavior into search breadth and 
search depth and their respective performance effects has received only little attention 
(Chiang and Hung, 2010; Sofka and Grimpe, 2008).  
Our examination of the effects of search breadth and depth with a newly generated 
sample in a different country and setting adds to the consolidation of the respective 
knowledge through a kind of “replication” study (Easley et al., 2000). In sum, we can 
confirm the positive effects that external knowledge sourcing has for the innovation 
output of companies. External search breadth and depth both exhibit positive effects on 
the innovation output of firms. Yet, at the same time, firms can reach a state where they 
“oversearch" and from which on a further utilization of outside knowledge sources leads 
to decreasing returns (Laursen and Salter, 2006). Extending the amount of collaboration 
partners too much is confirmed to lead to detrimental performance effects.  
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Research Questions and Results 
RQ 1: Which effects do external search breadth and depth have on innovation performance?  
RQ 2: Which effects do external search breadth and depth have for different degrees of innovativeness?  
Firms can enhance their innovation performance by engaging in broad and deep external knowledge search. Both these external search activities improve 
innovation performance, yet with increasing degrees of openness the performance impact shows declining marginal returns. 
 Search breadth improves innovation performance for overall, incremental, and radical innovation performance. 
 Search depth improves innovation performance for overall and incremental innovation performance. 
 Deep search relations enhance incremental innovation steps whereas broad search enhances both incremental and radical innovation  
RQ 3a: How does organizational structure as contingency factor matter for the openness-performance relation? 
The specialization of innovation-related tasks impacts on the relation between search breadth and overall, incremental, and radical innovation performance. 
However, the impact of specialization differs with regard to openness levels attained or pursued by firms. 
 At low levels of openness, specialization levels may assume medium degrees 
 At medium levels of openness, specialization at low levels is preferable 
 At high openness levels, a higher degree of specialization is advantageous 
The formalization of innovation-related tasks impacts positively on the relation between search breadth and overall and incremental innovation performance. 
However, also here openness levels attained matter. 
 At low levels of openness, lower formalization levels show better performance impact 
 With increasing openness, formalization becomes more beneficial 
 At high levels of openness, high levels of formalization are preferable 
RQ 3b: How does organizational culture as contingency factor matter for the openness-performance relation? 
Firms can enhance their potential to benefit from open innovation through the alignment of their organizational culture. Especially the level of internal 
connectedness impacts on the relation between search breadth and (incremental) innovation performance. Additionally, also firms’ attitudes towards external 
knowledge matter for firms’ potential to reap the benefits from open innovation. 
 At low levels of openness, performance impact is greater with low internal connectedness  
 With increasing openness, internal connectedness becomes more important and more beneficial 
 NIH impacts on the relation between search depth and overall, incremental, and radical innovation performance 
 NIH impacts on the relation between search breadth and incremental innovation performance 
 With higher openness levels, lower NIH becomes performance superior 
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Results and Implications 
RQ 3c: How does innovation strategy as contingency factor matter for the openness-performance relation? 
Through the formulation of innovation objectives, firms can enhance the performance impact of their external knowledge search activities. Especially, search 
depth profits from the alignment with strategic objectives and in particular from the alignment with ambidextrous innovation objectives. Search breadth, 
however, is found to not profit from the alignment with strategic objectives and only shows slight positive implications with exploitation objectives.  
Impact differences of exploration and exploitation  
 External search breadth does not profit more from exploration objectives than from exploitation objectives 
 Rather, slight indication that breadth profits from exploitation orientation 
 External search depth benefits more from exploitation than from exploration orientation 
Innovation strategy - impact of ambidextrous innovation strategies  
 Ambidexterity in innovation objectives impacts rather negatively on the relation between external search breadth and overall innovation performance 
 Only at very low and very high levels of openness in terms of search breadth ambidexterity is beneficial 
 Ambidexterity in innovation objectives impacts positively on the relation between external search depth and overall innovation performance 
 The positive impact of ambidexterity in innovation objectives for external search depth increases with increasing openness levels 
Innovation strategy - impact differences of ambidextrous innovation strategies and specialized innovation strategies  
Firms with an ambidextrous innovation strategy show significant impact of search depth on innovation performance (but not for search breadth) and firms with 
specialized innovation strategies show significant impact of search breadth on innovation performance (but not for search depth). 
 External search breadth does not affect innovation performance stronger with the pursuit of ambidextrous innovation strategies than with specialized 
innovation strategies 
 External search depth affects innovation performance stronger with the pursuit of an ambidextrous innovation strategy than with specialized innovation 
strategies 
Table 27: Overview research questions and analysis results  
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Further, our research shows that external search breadth has positive effects for both 
incremental and radical innovation performance. However, these positive effects are 
slightly lower for radical innovation performance than for incremental innovation 
performance. The “tipping point” from which on further external search turns negative 
is at a slightly later point for incremental innovations than in the case of radical 
innovations. This means that the decreasing returns to openness set in earlier for radical 
than for incremental innovation output. This indicates that search breadth is more 
conducive to the generation of incremental than radical innovation output. 
Interestingly, external search depth only exerts its positive influence on incremental 
innovation performance, albeit the effects are lower than for search breadth. External 
search depth was not found to influence radical innovation performance. This is 
opposed to the findings of Laursen and Salter (2006), who find that external search 
breadth and depth are of importance for both incremental and radical innovation, but 
external search breadth decreases in effectiveness and external search depth increases in 
effectiveness with an increase of the degree of innovativeness. They argue that for 
generating radical innovation, that is, true deviations from the current state, only few 
external sources can actually provide the necessary information or knowledge. As 
radical innovation goes along with the creation and utilization of completely new 
knowledge, not too many potential partners exist, thus searching broadly is less 
effective. Rather, they argue, in an endeavor to generate radical innovation, firms should 
coalesce with a few chosen external partners who are in possession of the respective 
relevant knowledge.  
The results of the present study tell a different story. Searching broadly enhances 
incremental and radical innovation performance, and as the effect size decreases from 
incremental to radical, search breadth may be constituted to be more effective for 
incremental innovation performance. But search depth only enhances incremental 
innovation performance and has no significant effects for radical innovation. Therefore, 
we can assert that broad search positively influences firms’ efforts to generate 
incremental and radical innovation, but deep external search only influences the 
generation of incremental innovation performance. Search depth does not increase in its 
effectiveness with increasing degrees of novelty. That is, search depth cannot be 
concluded to be more effective or appropriate for generating radical innovation 
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performance than for the generation of incremental innovation performance. 
In a recent study, Chiang and Hung (2010) found that external search depth only 
influences incremental innovation, whereas external search breadth influences only 
radical innovation. This is in line with previous research on organizational learning and 
external knowledge utilization. Broad and exploratory search has usually been 
associated with the ability to generate more radical innovation (He and Wong, 2004; 
Jansen et al., 2006). Bierly et al. (2009) finds that knowledge drawn form more distant 
sources is utilized more for the generation of radical innovation, whereas Atuahene-
Gima (2005) clearly identify the different effects of exploration and exploitation on 
radical and incremental innovation, respectively. The notion of exploratory and 
exploitative learning has been brought forward by March (1991). He associated 
exploratory learning with access to and utilization of a wide array of external 
knowledge sources.  
Also the literature on new product development has acknowledged the positive effects 
of searching for knowledge widely beyond the firm’s boundaries and usual search 
ranges. This exposes firms and employees to a broader diversity of ideas and 
knowledge, which may increase the chances of finding novel combinations and 
solutions and lead to the generation of truly novel solutions (Hargadon and Bechky, 
2006; Hargadon and Sutton, 1997).  
Additionally, when searching for innovation-related knowledge, firms often are victim 
of a “local search bias”. This describes the tendency of firms and people to search for 
knowledge and solutions often only within restricted search ranges and among sources 
they deem knowledgeable and with which they are familiar. That poses the threat of 
being focused on incremental improvements to the detriment of radical developments 
(Katila and Ahuja, 2002; Stuart and Podolny, 1996). In order to overcome the “local 
search”-tendency, firms are increasingly tapping into formal and informal linkages with 
different types of partners and are establishing inter-organizational networks in order to 
harness knowledge and innovative ideas from non-local domains that help them break 
path-dependent patterns of knowledge search accumulation (De Araújo, 2010; Laursen 
and Salter, 2006; Rosenkopf and Almeida, 2003).  
Utilizing the argument of Laursen and Salter (2006), who argue that in the case of 
radical innovation only few sources which could provide the relevant missing 
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knowledge inputs may exist outside a firm’s boundaries, it can be argued that only 
through broad and wide search may a firm identify these few sources. Broad external 
search exposes a firm to more sources with different knowledge backgrounds 
(Rosenkopf and Nerkar, 2001). Broad external search, thus, is a means to overcome the 
negative effects of otherwise "local search” and to facilitate radical innovation 
performance. Deep external relations, on the other hand, require significant resource 
deployment, which may constrain firms in their possibilities to engage in deep relations 
with a comprehensive amount of external sources, thus curbing the potential to find 
sources with radical innovation information (Rowley et al., 2000:375). 
 
6.1.2 External search, innovation performance, and the moderation effects of 
organizational structure 
This study contributes to the understanding of the effects of external knowledge 
utilization by adopting a contingency perspective and investigating the effects the 
structural design of a firm has for the relation between external search and innovation 
performance. The structure of a firm's organization has significant implications for the 
potential to generate and utilize knowledge (Nonaka and Takeuchi, 1995; Pertusa-
Ortega, 2010). Likewise, the search for external knowledge requires an appropriate 
organizational design (Cohen and Levinthal, 1990; Jansen et al., 2005). In this respect, 
three central organizational design variables were analyzed – specialization, 
formalization, and decentralization – which all represent variables that a firm’s 
management can actively influence.  
The results indicate that the degree of specialization within an organization exerts 
mixed influence on a firm’s ability to profit from external search. Specialization was 
understood in this research as a differentiation of innovation activities regarding tasks or 
topics (e.g. existence of dedicated employees, teams, or functions for managing the 
search for external knowledge for instance). At lower levels of external search breadth, 
firms exhibiting higher degrees of specialization generate higher innovation returns as 
compared to those firms with lower degrees of specialization. Yet, this superiority 
decreases with increasing external search breadth and eventually turns around to the 
opposite. At intermediate levels of openness, low degrees of specialization seem to be 
more advantageous than high degrees of specialization, yet again, also this superiority 
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decreases with even further increasing search breadth. And eventually, firms with very 
high degrees of openness generate the highest innovation performance when adopting 
higher degrees of specialization again.  
Looking at the effects of specialization from a different perspective, we could identify 
specialization to be rather harmful altogether and to be beneficial only at the fringes of 
the openness range, thus at very low or very high openness levels. At low openness 
levels, firms with medium levels of specialization profited most from increasing 
openness even further. Firms which were highly specialized were harmed by increasing 
their openness levels at this point. At medium openness levels, the firms with low 
specialization could gain the most from an increase in openness, whereas at very high 
openness levels, firms with high degrees of specialization could generate the highest 
marginal profits when increasing openness further. At this point, firms with low 
specialization were identified to generate negative marginal returns when increasing 
their openness further. These observations also hold for the second variable of 
organizational differentiation, which investigated the effects of structural separation, 
that is, the differentiation between units. 
Research associates organizational specialization with positive effects – due to positive 
effects on organizations’ and individuals’ propensities to search outside and to innovate 
(Olson, et al., 2005; Rothaermel and Hess, 2007). Specialized organizations are also 
associated with a better capacity to utilize external knowledge and to implement in the 
later stages of innovation processes (Damanpour, 1991:580). Other research associates 
specialization with negative effects for firms’ innovation performance. Organizational 
specialization may limit the variety in the sources of external knowledge being drawn 
from, since specialists were found to engage in “narrow” search endeavours (Van den 
Bosch et al, 2003:95). 
Our results equally provide evidence for these mixed effects. The existence of 
specialization facilitates external search and the utilization of external knowledge, but 
when the degree of external search activity becomes greater, specialization has, albeit 
the positive effects of specialized search may still be in place, negative effects for 
innovation performance altogether. As argued above, specialization has positive effects 
for the search of external knowledge, because functional or thematic specialists more 
readily search for and integrate external input into their knowledge generation efforts. 
142 
 
This is in line with Rothaermel and Hess (2007), who find that external knowledge 
utilization is facilitated by “star scientists”. These star scientists are well positioned to 
acquire external knowledge because of the specific thematic abilities they possess 
(Rothaermel and Hess, 2007:900). In addition, these individuals perform external search 
as their sole core job activity which increases their capacities to search and acquire 
external knowledge (Rothaermel and Hess, 2007:915).  
Yet, knowledge acquisition is only half the path knowledge needs to take in order to 
have effects for innovation performance. It needs to be disseminated through the 
organization and applied at the right places (Fiol, 1996). Specialization, and thus the 
development of many smaller and sometimes isolated functional or thematic areas, 
hampers efficient knowledge exchange (Olson et al., 2005; Pertusa-Ortega et al., 2010). 
With increasing inter-unit boundaries, the costs of communication and learning rise, and 
internal knowledge transfer is hampered, which is detrimental for the performance 
effects of external knowledge  (Colombo and Delmastro, 2008; Willem and Buelens, 
2006). 
Why, then, is specialization initially advantageous and later on (i.e. with higher external 
search breadth) becomes disadvantageous? A possible explanation may be that the 
positive effects of search specialization over-compensate the negative effects that 
specialization has for subsequent internal knowledge transfer. Due to specialization, 
knowledge search and acquisition is implemented more effectively and efficiently, and 
specialists are able to communicate the acquired knowledge well enough into the 
organization. Hence, they assume a similar role to Rothaermel and Hess’ (2007) “star 
scientists” or “gate-keepers”, who manage the interface between a firm and its external 
environment (Tushman, 1977). The organization suffers from the specialization of a 
search function with regard to internal knowledge transfer, but still manages to 
disseminate and integrate the knowledge. This is because at the lower end of external 
search breadth, the number of external sources is still small, which may also mean that 
smaller amounts of knowledge have to be acquired, understood, and transferred, thus 
placing a smaller burden on the internal transfer mechanisms. The variance of inputs 
may be lower, too, compared to when more external sources are utilized. Lower 
variance places a smaller burden on the “sensemaking” capacities of search specialists 
and the organization as a whole (Weick, 1995). Whereas with an increase in external 
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search breadth the amount and variance of knowledge to be absorbed increase and the 
positive effects that search specialization has are outweighed by the now more 
cumbersome knowledge transfer. The organization cannot sufficiently process the 
knowledge anymore and integration supersedes specialization due to the positive effects 
that integration has for internal knowledge transfer (Hansen, 1999). 
The analysis of the moderation effects of specialization shows that at very high levels of 
search breadth, higher specialization again ousts lower specialization. Facing a great 
number of external sources, the “burden” of knowledge search and integration may 
again flip more strongly to the search side. Now again, specialization in external search 
increases a firm’s ability to profit from external search more than it places a burden on 
knowledge transfer internally. The related thematic knowledge that specialists and 
specialized units possess (Lane and Lubatkin, 1998) as well as the expertise that these 
individuals and units possess in conducting search processes may outweigh the “costs” 
of internal knowledge transfer. 
Our results indicate that specialization is beneficial when external search is low but 
becomes disadvantageous when external search is high. We have argued that this is 
because of the different effects that specialization has for the different respective 
activities associated with external knowledge utilization. Further research may build on 
our results for specialization and investigate more in detail how organizations can 
manage the trade-off between the different organizational arrangements required for 
search and integration.  
As to the second dimension of organizational design – formalization – this research 
shows that at low openness levels, firms do better with low formalization. With higher 
openness, or external search breadth, firms with higher degrees of formalization benefit 
more in terms of innovation performance, whereas firms with lower degrees of 
formalization even see decreasing innovation performance with increasing external 
search breadth. Hence, formalization has positive implications for external knowledge 
search and increasingly so with increasing openness. Additionally, formalization shows 
significant positive interaction for the generation of radical innovation performance. 
Especially the generation of radical innovation output may require formalization, as it 
usually entails searching among unknown sources and acquiring truly new knowledge. 
The analysis of the marginal effects of openness confirms these findings. An increase of 
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openness benefits those firms more which apply medium to high levels of formalization. 
The results show that at lower levels of external search breadth, lower formalization is 
superior to high formalization and that this relation turns around with higher search 
breadth. Yet, firms increasing their openness levels generate the highest extra benefits 
when assuming a medium to high degree of formalization throughout the whole range 
of openness levels.  
Previous research associates formalization with negative effects, as it restricts the search 
scope of firms (Jansen et al., 2005; Weick, 1979). But, again, formalization has also 
been found to have positive implications, as it facilitates knowledge identification and 
evaluation (Jansen et al., 2005; Vega-Jurado et al., 2008b). Through the definition of 
procedures the ambiguity surrounding the application of new knowledge can be reduced 
(Pertusa-Ortega et al., 2010). According to the findings in the literature about the effects 
of formalization, knowledge search is hampered by formalization, whereas knowledge 
integration is facilitated by formalization (Weick, 1979; Kohli and Jaworski, 1990; Lin 
and Germain, 2003; Jansen et al., 2005). Our results add insights to the discussion about 
the effects of formalization for external knowledge utilization. We contribute to theory 
by uncovering that the degree of openness, thus the amount of sources and knowledge 
sought and acquired, matters for the evaluation of the effects of organizational 
formalization and the actual degree thereof.  
In line with the previous argument concerning the effects of specialization, when the 
search extent is small, the “bottleneck” does not lay so much with internal knowledge 
transfer, thus implementing structures facilitating the actual search are superior. With an 
increase in knowledge sources, this changes and the focus of an organization should be 
on internal transfer rather than search, hence on implementing structural arrangements 
facilitating knowledge transfer. Also Jansen et al. (2005) find that formalization is 
positively related to firms’ realized absorptive capacity, that is, the eventual application 
of externally acquired knowledge. However, they also cannot find support for the 
hypothesis that the actual acquisition, or search in our terms, is negatively influenced by 
formalization (Jansen et al., 2005). This is in line with our finding, which indicates 
lower degrees of formalization to be beneficial for lower degrees of openness and 
higher degrees of formalization for greater openness levels. 
Further research may explicate in more detail the actual effects of formalization, or, 
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explicate what formalization actually means. We have employed a rather broad measure 
to capture formalization. Further research may (a) employ more fine-grained 
quantitative measures for formalization or (b) disentangle the effects of formalization 
through the means of case studies. This may help to understand the effects of 
formalization better, which aspects should be formalized and when as well as in which 
manner this should happen, thus how formalization should best be implemented. Future 
research may draw from other literature which associates formalization with positive 
effects and conceptions, such as “semi-structures” (Brown and Eisenhardt, 1997) or also 
an “enabling bureaucracy” (Adler and Borys, 1996). All these regard formalization as a 
beneficial element of organizations, yet acknowledge the importance of integrating 
elements counteracting the possible negative effects. Such an element may be found in 
the degree of connectedness and integration that firms exhibit. Hence, further research 
should also engage in detailing possible interaction effects between elements of 
organizational structure and culture.  
Regarding the third variable of investigation – decentralization – we find it to be 
insignificant for supporting open innovation performance. Yet, the signs of interaction 
are in line with the assumed positive moderation effect of decentralization. Previous 
research has found centralization to have a negative impact on knowledge performance 
(Pertusa-Ortega et al., 2010) or knowledge creation (Ouchi, 2006) and decentralization 
to be positive for knowledge absorption and integration (Jansen et al., 2005). The results 
of this study, however, do not support these findings by means of statistically significant 
results. For the decision to allow for lower level participation in decision making, this 
research cannot make any clear assertion. However, also other research fails to 
constitute significant results for decentralization (Frost et al., 2002; Wijk et al., 2008).  
Reasons for this may be found in various aspects. For one, the insignificance may be 
explained by possible interaction effects of decentralization and third variables. For 
example, Lin and Germain (2003) find an interaction of formalization and 
decentralization with regard to the utilization of customer knowledge and concluded for 
their sample of Chinese firms that decentralization follows formalization in the attempt 
to restructure organizations. Secondly, decentralization may be implied in and 
conceptually similar to the specialization variable employed in this research. Lin and 
Germain (2003:1149), for instance, emphasize that decentralization can be attained 
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through divisionalization. Further research may also embrace these results and examine 
why there are no significant effects for decentralization.   
 
6.1.3 External search, innovation performance, and the moderation effects of 
organizational culture 
In a second contingency framed investigation we set out to examine the moderating 
effect of different aspects of an organization’s culture on the openness-innovation-
performance relation. Organizational culture is frequently highlighted as important for 
the implementation of open innovation (Gassmann et al., 2010; Huizingh, 2011; 
Lichtenthaler, 2011; Van de Vrande at al., 2010). Special emphasis is often given to 
aspects such as communication and attitudes towards external knowledge (Chesbrough 
and Crowther, 2006; Keupp and Gassmann, 2009; Luoma et al., 2010). However, also 
here, the empirical evidence is scarce (Mortara, et al., 2010; Van der Meer, 2007). 
Organizational culture represents an intangible attribute of a firm. Therefore, we built 
on the concept of market orientation as a cultural trait of organizations (Baker and 
Sinkula. 1999; Jaworski and Kohli, 1993) and examined the effects of open mindedness, 
internal connectedness, and attitudes towards external knowledge, instead.  
In Hypothesis 8 we stated that firms would profit from being internally connected. Our 
results provide slight evidence for this assumption, which is in line with previous 
research. Especially with increasing openness and at high levels of openness, internal 
connectedness is found to be an important facilitator of the success of firms’ broad 
search activities. An important aspect of firms’ success with the utilization of external 
knowledge is the internal application of that very knowledge (Lichtenthaler and 
Lichtenthaler, 2009). Fundamental to this is the exchange of ideas and knowledge inside 
the firm (Inkpen, 1996). According to Jansen et al. (2005), the degree of internal 
connectedness is of utmost importance for internal knowledge transfer and application. 
High connectedness inside firms means that employees and units have the chance to be 
more acquainted with each other, to develop trust towards each other, and to generate a 
common language and modus operandi among themselves (Rowley et al., 2000). This in 
turn means that high connectedness inside a firm alleviates units and employees getting 
in touch with each other, thereby facilitating the exchange of knowledge (Galunic and 
Rodan, 1998; Jaworski and Kohli, 1993; Rowley et al., 2000). 
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Internal connectedness is of particular importance when openness is high, but at lower 
levels, low connectedness is shown to be better. Thus, we add to theory by showing that 
connectedness matters and is largely beneficial. But future research may engage in 
detailing the effects of internal connectedness further. Connectedness may also have 
negative implications, such as for instance, the emergence of “group think” (Janis, 
1971). Another approach may be the examination of the different aspects of open 
innovation utilization - search, and integration. Internal connectedness may have 
different effects on both (Jansen et al., 2005). As such, connectedness may be rather 
harmful for search but positive for transfer and integration. If so, the degree of openness 
and the amount of knowledge may again be the possible explanation for the differences. 
Low openness, hence low amounts of knowledge, lead to the focus being on the actual 
search, and assuming that connectedness has negative implications here, low 
connectedness should be the choice. With increasing openness, the amount of 
knowledge increases and the focus may shift to internally processing this knowledge. 
Now, internal connectedness may be of advantage, as it facilitates communication and 
exchange within the firm (Jansen et al., 2005). A question arising from that, which is of 
particular importance for management practice, concerns the actual creation or 
implementation of internal connectedness. How can firms create such connectedness, 
which measures have to be taken and are most appropriate? Future research may 
embrace our results and analyze the implications and implementation or generation of 
firm internal connectedness for external knowledge search activities more in detail. 
As a further result, we find no support for Hypothesis 9, in which we stated that a firm’s 
open mindedness would also have a positive influence for the performance effects of 
external search. We suggested that for knowledge to be freely exchanged within the 
organization, a general attitude of openness towards new ideas and the reflection of 
established views was a critical prerequisite (Baker and Sinkula, 1999; Porac and 
Thomas, 1990). There may be an explanation within the degree of connectedness, as 
high connectedness may require a certain openness to new and other ideas and 
knowledge and the ability to question one’s own views. However, this result 
necessitates further research. 
As of the third aspect of organizational culture, the attitudes towards external 
knowledge being termed “not-invented-here”-syndrome (NIH) were expected to bear 
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negative implications for firms’ potential to benefit from external knowledge search. If 
firms show strong tendencies to reject ideas and knowledge originating outside the own 
organization only for that very reason, they are deemed to suffer from the NIH-
syndrome (Katz and Allen, 1982; Herzog, 2008). This is of particular severity if firms 
try to systematically utilize external ideas and knowledge for improving their innovation 
performance (Lichtenthaler and Ernst, 2006).  
The results show that NIH is especially problematic for deep search relations (i.e. 
external search depth), higher degrees of openness, and the generation of radical 
innovation performance. The generation of radical innovations necessitates the 
utilization of truly new knowledge and ideas (Dewar and Dutton, 1986:1423). This 
usually brings about that firms have to engage with new partners to tap into their 
knowledge pool and acquire access to novel information (Abernathy and Utterback, 
1978). A strong “not-invented-here”-attitude is obviously detrimental to successful 
adoption of knowledge in this case. Further, the results indicate that deep external 
search relations suffer from the existence of NIH, whereas search breadth shows no 
significant implications of NIH. Deep search relations represent relations, usually 
characterized by high intensity of the relation, determination to achieve specific 
objectives and trust between the partners (Chiang and Hung, 2010:294; Laursen and 
Salter, 2006:136; Rowley et al., 2000:369). For an intense and trusting relation between 
partners, which is intended to achieve specific longer-term objectives, NIH may be of 
particular harm. Broad external search on the other hand usually intends to screen the 
environment rather shallowly for new knowledge inputs (Chiang and Hung, 2010:294; 
Laursen and Salter, 2006:136). For this kind of search relation, NIH again may be less 
of a problem. 
When openness levels are low (i.e. low search depth), however, our results indicate that 
NIH is less problematic than one might have expected. At low openness levels, the 
amount of external partners or sources and knowledge sought for and acquired is 
usually still small. The efforts to engage in exchange, communication, and evaluation 
are lower. Thus, firms may have more resources available and more time to engage in 
relation-specific exchange and communication. As there is more time to reflect upon 
single knowledge inputs, initial NIH-tendencies may eventually be overcome. As 
another consequence, firms may get acquainted more easily with these partners, and 
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their respective knowledge inputs may be evaluated more easily and more swiftly as 
compared with situations where firms are exposed to a larger amount of external 
sources and therefore also knowledge inputs. Also, with fewer (and especially deep) 
relation partners, individual relations may be easier to manage and a common modus 
vivendi easier to establish (Laursen and Salter, 2006:136). Altogether, this may help to 
compensate NIH-related caveats, and these might not influence the eventual evaluation 
as directly and definitely, therefore bearing lesser impact on the eventual implication of 
the acquired knowledge for innovation performance.  
Our results suggest that NIH might be less critical, especially at low openness stages. 
Perhaps, it may even have positive implications. For reasoning this, we invoke an 
argument put forward by Lichtenthaler and Ernst (2006). They discussed the possibility 
that firms suffer from the opposite of NIH, which would be a too optimistic and 
affirmative view on the opportunities associated with open innovation or external 
knowledge and ideas in general. This was called “buy-in”-syndrome (Lichtenthaler and 
Ernst, 2006:372). Interpreted differently, NIH may not have to be seen as critically as is 
usually the case. A slightly skeptical, or critical, reflective, or careful approach towards 
external knowledge may be appropriate in order to prevent falling for the belief that 
external knowledge is a remedy to all internal innovation generation problems. NIH 
may, accordingly, be interpreted not as a rejection of everything from outside the firm 
but as an indication of business acumen.  
Either way, our results show that the investigation of the “not-invented-here”-syndrome 
and, more generally, of organizational beliefs, and their influences on firms’ potential to 
benefit from external knowledge is necessary. Further research, detailing the NIH-
syndrome and its potential effects more specifically, is highly advisable. Future research 
may reexamine the effects of the “not-invented-here”-syndrome, developing a more 
fine-grained picture of its effects. Future research should engage in efforts to develop 
more comprehensive measures, taking into account individual and behavioral aspects of 
the development and impact of certain attitudes. This should encompass the effects of 
attitudes which are overly positive towards external knowledge. As we find only little 
evidence for search breadth being affected by NIH, future research may generate further 
insights, as “not-invented-here” may only or particularly be relevant for certain search 
relations. The intentions behind any one search strategy may be of importance here. 
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Search breadth may often be used for simply screening the environment for possible 
knowledge inputs. Hence, it is rather shallow and not bound to particular objectives. 
The “not-invented-here”-syndrome may be only or particularly of detrimental effect 
when relations are focused on the generation of defined aims.  
 
6.1.4 Structural and cultural contingencies and organic versus mechanistic 
organizations 
Overall, our research suggests that contingency aspects matter and adds to the 
theoretical knowledge about firms’ ability to benefit from external knowledge search. In 
particular, the investigation of structure and culture provide important insights for the 
advancement of theoretical knowledge. Referring to the distinction made between 
mechanistic and organic structures (Burns and Stalker, 1961), we find elements of both 
being important facilitators of open innovation success. Organizations which can be 
termed as “organic” can be characterized by low formalization, low specialization as 
well as high decentralization, whereas “mechanistic” organizations exhibit rather high 
formalization, specialization, and centralization (Burns and Stalker, 1961). Literature 
associates different elements characteristic of organic designs with higher potential to 
innovate (Aiken and Hage, 1971; Burns and Stalker, 1961; Damanpour, 1991; Lam, 
2004; Mintzberg, 1979; Pierce and Delbecq, 1977; Volberda, 1998). Furthermore, 
deploying rather organic ways of structuring and working is associated with a greater 
ability to engage with external parties, thus to utilize open innovation (Dittrich and 
Duysters, 2007).  
Yet, rather than identifying only organic or mechanistic elements, our analysis finds a 
blend of elements to be conducive to open innovation. We can conclude that a more 
structured and formalized approach is most suitable for open innovation. But our 
analysis also reveals that other elements favorable for open innovation tend to stem 
from the organic corner, e.g. low specialization and high internal connectedness. This 
indicates that there may be interrelations between organic and mechanistic elements. 
Certain elements may compensate their respective effects or complement each other. 
Sheremata (2000:389) confirms this, as she finds that elements for successful product 
development can be a complex mix of structural elements, some of which appear to be 
organic while others are more mechanistic. Future research may take this as a starting 
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point for further investigations of blends of organic and mechanistic elements and the 
identification of suitable organizational settings most supportive for open innovation. 
 
6.1.5 External search, innovation performance, and the moderation effects of 
innovation strategy 
Exploration and exploitation can be conceptualized as foci of a firm’s innovation 
strategy (He and Wong, 2004). The alignment of firms’ external search efforts with 
their innovation orientation is crucial for innovation success (Lichtenthaler and Ernst, 
2009). Capturing the dominant focus of firms’ innovation strategy by the two 
dimensions of “exploration” and “exploitation”, hence the generation of truly new 
products or the further development of existing products, this study contributes to 
theory by examining the interplay between firms’ exploitative and explorative 
innovation strategies and firms’ external search activities (Harryson et al., 2008). Both 
are important levers for management, and topics widely discussed in research. In 
particular, this research contributes to theory by investigating how firms’ exploration 
and exploitation orientation can be aligned to firms’ external knowledge search. 
Building on the distinction of external search breadth and depth, we asked (a) which 
innovation orientation suits which external search mode better, and (b) whether the 
pursuit of multiple and diverse goals is beneficial for firms’ efforts to increase 
innovation performance by means of either external search breadth or depth.  
Different search modes may require or be more appropriate for different strategic 
orientations. Yet both the literature on exploration and exploitation activities of firms as 
well as the literature concerning firms’ external knowledge search efforts have largely 
left the question of their respective alignment unconsidered (Lane et al., 2006; Raisch et 
al., 2009). Research suggests that both exploration and exploitation are necessary for 
firms’ innovation performance (March, 1991) as well as that searching for knowledge 
outside firms’ boundaries is crucial for performance (Laursen and Salter, 2006). Adding 
to this, Rosenkopf and Nerkar (2001:289) and also Rothaermel and Alexandre 
(2009:761-762) argue that both exploration and exploitation can be directed outside of 
the firm’s boundaries as well as inside.  
According to the literature in the realm of network theory, search breadth can be 
compared to weak ties and their effects (Bergenholtz, 2011). Weak ties are asserted to 
be well suited for rather shallow and exploratory search, whereas strong ties – 
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resembling deep search – rather suits focused and exploitative search (Dittrich and 
Duysters, 2007; Nooteboom and Gilsing, 2004).  
Our analysis suggests that broad as well as deep search relations rather benefit from 
exploitative than from explorative search objectives. We find no evidence that firms 
pursuing exploration objectives profit more from breadth in external search than firms 
with an exploitation mode. Rather, the evidence suggests that exploration reduces the 
impact of search breadth on innovation performance and that explorers rather benefit 
from search depth. Yet, we find evidence that firms with an exploitation mode profit 
more from depth than explorers do. Put differently, deep relations are more beneficial 
when aligned with either exploration or exploitation innovation orientation. Yet, deep 
relations benefit more from exploitation than from exploration. Broad search relations, 
however, do not gain from being aligned with exploration but rather also from the 
alignment with exploitation.  
The results we obtained present a contradiction to the theoretical and empirical evidence 
concerning the application and effects of search breadth and depth, or weak and strong 
ties. Broad search aims at the utilization of many different external sources and was 
suggested to benefit exploratory search endeavors (Rowley et al., 2000). Our results do 
not support this suggestion. Broad search may be too shallow and unfocused to be 
utilized for search efforts directed at specific goals, either exploratory or exploitative 
ones. However, our results suggest that deep search relations benefit both exploratory 
and exploitative search objectives. Deep search relations constitute linkages to external 
sources which are characterized by intensity and stability (Laursen and Salter, 2006; 
Sofka and Grimpe, 2008). In this, they resemble strong ties and may provide the more 
suitable “channel” for the pursuit of specific innovation objectives. Especially 
exploration endeavors may require that relations are more long-term, since the 
development and acquisition of exploration relevant knowledge is less straight-forward 
as in the case of exploitation-related knowledge, due to exploration-related knowledge 
often being tacit in nature (Lane and Lubatkin, 2006:462-463; Lavie and Rosenkopf, 
2006:799; Rothaermel, 2001:690). Stable and intense relations may be the prerequisite 
for the generation of truly novel knowledge and information, which oftentimes is tacit 
in nature (Bierly et al., 2009:490). Thus, deep external linkages are conducive to 
exploration efforts. Yet, deep external linkages are also shown to benefit from 
exploitation objectives. These aim at the refinement of existing knowledge and 
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products, which in turn may require more long-term relationships with certain key 
partners (Chiang and Hung, 2010:294). Hence, again, deep linkages are more conducive 
to broad ones. Regardless of the actual direction and content, the definition, 
communication, and implementation of specific objectives, may only be possible 
through external relations which offer certain intensity, occurrence frequency and thus 
quality.  
The analysis of the alignment of ambidextrous innovation strategies also reveals search 
depth to be the more appropriate search strategy. Broad search initially benefits from 
ambidexterity in innovation objectives, but at higher openness levels ambidexterity 
becomes detrimental to innovation performance. Deep linkages, however, profit from 
ambidexterity. A further analysis reveals that broad search is rather suitable for the 
pursuit of specialized strategies and deep search for the pursuit of ambidextrous 
strategies. Ambidexterity in innovation objectives, hence the simultaneous pursuit of 
exploitation and exploration objectives, certainly requires more attention and absorption 
resources and capacities than the pursuit of single objectives. Broad search relations 
may simply be too weak to handle this multitude of requirements and only deep external 
relations offer the strength and stability to engage in the pursuit of several (even 
conflicting) objectives.  
Overall, the results are partly deviating from existing research and offer opportunities 
for further research detailing the effects of exploration and exploitation for external 
search breadth and depth. Usually, broad linkages are associated with the exploration 
intentions and activities of firms (Dittrich and Duysters, 2007:513; Rowley et al., 2000: 
384) and broad search is asserted to be a means for the generation of radical innovation, 
while deep search is usually associated with incremental innovation and exploitation 
(Chiang and Hung, 2010:294; Rowley et al., 2000:384). Future research may need to 
detail the analysis as to why search breadth does not positively interact with 
exploration, and re-examine our evidence that search depth is also conducive to 
exploration. It may well be that breadth rather suits radical and depth rather incremental 
innovation objectives. However, there are arguments as to why deep search is 
supportive for the generation of radical innovation, too.31 The push in that direction by 
                                                 
31
 Knowledge inputs for exploration often deviate from firms’ existing knowledge and are tacit in nature.  
Only intense and stable relations may therefore provide the adequate generation and transfer “channel” 
(see Section 3.4). 
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means of strategic direction (e.g. through the formulation of an exploration strategy) 
may then simply facilitate and strengthen the general adequacy of search depth for 
exploration. Search breadth may rather lead to radical innovation because of its inherent 
search in wider and more diverse fields and thus the inherent potential to discover 
unusual partners and knowledge or ideas. Yet, this may be more a result of serendipity 
and the capacity of a firm to adequately understand and apply respective knowledge 
inputs. Focusing and directing broad search towards the generation of exploration and 
thus radical innovation, however, builds up success pressure, brings in business 
objectives and reasoning, and thus constrains the effects of broad search, eventually 
leading to lesser impact. Search depth, on the other hand, as a long-term and intense 
search effort with regard to the relation with an external source but also with regard to 
the respective engagement of the own firm, offers a “broader” and more resilient search 
conduit. 
Further, our research utilized the broad concepts of search breadth and depth, yet there 
is reason to assume that different source types have different potential or effects for 
innovation performance, and thus may be more or less suitable for the alignment with 
exploration or exploitation objectives (Köhler et al., 2009). Future research may take 
this into account. 
Our research also allows qualifying the performance effects of external search and 
ambidexterity. Research has shown that searching for knowledge among a multitude of 
sources and pursuing ambidextrous (or multiple) goals is beneficial for performance 
(Leiponen and Helfat, 2010; Rothaermel and Alexandre, 2009). We add to theory by 
investigating these effects with a more detailed perspective on external search. In our 
analysis, broad search was shown to be rather inappropriate for ambidextrous 
innovation objectives, whereas deep search provides the necessary stability and 
intensity. In line with the above reasoning, only deep search linkages may provide the 
quality, strength, and engagement level on the side of the searching firm that is 
necessary for the ability of firms to draw knowledge for the pursuit of multiple and 
diverse objectives.  
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6.2 Implications for management practice 
Beyond the theoretical contributions, our results also bear important insights for 
managerial practice in innovation management and in particular for the management of 
open innovation activities. Our results suggest approaches to align internal dimensions 
of organizational structure, culture, and strategy with firms’ attempts to increase their 
innovation performance by means of external knowledge search and the discretionary 
dimensions search breadth and search depth. The next section details the implications 
for managerial practice which are summarized in Figure 35 to Figure 39. 
External search breadth, external search depth, and innovation performance 
Our research confirms the positive innovation performance effects management can 
generate through extending their knowledge generation efforts to firm-external parties. 
Firms can engage in broad or deep external search relations. Our research shows that 
both dimensions provide firms with very distinct means to search for knowledge. 
External search breadth and depth exhibit limited and differential implications for 
innovation performance. In order to fully utilize the respective potential external search 
needs to be managed consciously, hence search activities need to be directed and 
calibrated with regard to their utilization extent and their appropriateness for different 
innovation outputs. 
Both search activities entail effort and costs. These stem from the actual search for 
external knowledge sources and the interaction with them, as well as from the 
subsequent efforts to integrate and utilize the acquired knowledge. Management has to 
be aware that the more external sources it chooses to utilize the better innovation 
performance will be initially. But as firms’ capacities are limited, the associated costs 
will rise and eventually exceed the benefits of external search. Hence, from a certain 
utilization level onwards more openness creates more extra costs than extra benefit. As 
a result, the innovation performance impact turns negative and overall innovation 
performance decreases. Thus, our study confirms the importance for managers to be 
aware that open innovation or the utilization of external knowledge is not exclusively 
beneficial. Firms searching for knowledge outside their own boundaries need to tread 
consciously and find the point of balance between beneficial and harmful openness. 
Further, our research informs management about the opportunities to affect certain 
innovation outputs by engaging in broad or deep external search. Both search 
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dimensions are associated with different innovation outcomes (Chiang and Hung, 2010; 
Laursen and Salter, 2006). Our results provide evidence that both broad search and deep 
search relations imply positive effects for the generation of incremental innovation 
outcomes. For radical innovation performance, however, only broad search is of benefit. 
In general, the generation of innovation requires new knowledge or new recombinations 
of knowledge (Eisenhardt and Martin, 2000), but this is especially true for radical 
innovation (Schoenmakers and Duysters, 2010). If firms want to generate truly novel 
ideas or knowledge they need to, first and foremost, stray from known knowledge and 
sources. Instead, firms need to engage with knowledge sources the previously did not 
engage with. As it may be rather difficult to know before which sources that may 
eventually be, utilizing an array of sources as wide as possible is advisable. Broad 
external search provides firms with exactly the means to search widely for diverse and 
new knowledge inputs.  
 
Figure 35: Managerial recommendations - search strategies 
Against the background of these assertions, management may rightly attempt to 
influence their individual openness-performance impact relation and ask which means 
may be most suitable to tailor their organizations for higher openness impact. Thus, in a 
second step, this research investigated means that managers and firms may employ to 
influence their firms’ potential to benefit from open innovation.  
We find that managers have substantial leeway in embedding their organizations’ 
external knowledge utilization efforts. Firms can align their structures and culture to 
benefit more from open innovation and they can align their search activities with 
suitable strategic directions. In detail, our study provides managers with insights about 
the effects of organizational specialization and formalization as components of an 
organization’s structure as well as internal connectedness and “not-invented-here”-
attitudes as components of an organization’s culture, and firms’ innovation orientation 
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in terms of their intentions regarding exploration and exploitation activities. 
External search, innovation performance and the moderation effects of 
organizational structure and culture 
Specialization refers to the separation of innovation-related activities within firms. This 
can be single departments or units solely responsible for particular topics or tasks. If 
firms operate at very low or very high levels of openness, our research suggest 
management should implement specialized structural arrangements. In intermediate 
openness levels, however, we find that managers are better advised to refrain from 
separating functional units and responsibilities. That means management has to assess 
where on the openness slope the firm is positioned before deciding on its structural 
design. In addition, our study shows that firms relying on specialization do benefit less 
from increases of openness levels, which means increasing their search breadth. As our 
results show, low specializers profit more from increasing openness at low and 
intermediate initial openness levels. That means, if firms are at intermediate levels of 
external knowledge search and their management intends to extent their utilization of 
external knowledge sources, firms benefit more from this increase when they reduce 
organizational specialization. Only when firms are already at very high levels of 
openness, management may consider implementing specialized search functions as our 
results show that firms utilizing large amounts of external sources perform better with 
specialized organizational structures. In order to increase their firms’ potential to benefit 
from external search, managers are advised to reduce organizational specialization and 
rather rely on integrated approaches. The detachment within the organization rather 
harms firms’ potential to gain from openness 
In sum, that means that firms operating at lower openness levels can well utilize the 
benefits of specialization. But should these firms consider increasing their openness 
levels, their structural arrangement would be detrimental to increasing innovation 
performance and they would need to restructure. Hence, even at the beginning, at low 
levels of openness, firms should only adopt medium levels of specialization and not 
over-specialize, too.  
Formalization refers to the definition and formulation of procedures and processes 
regarding the conduct of innovation-related tasks. The results of this study reveal that 
formalization facilitates the utilization of open innovation (i.e. external search breadth 
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in this case). Thus, in order to ensure that their firms benefit from searching knowledge 
externally, managers should define clear processes and guidelines as well as 
responsibilities for steering their firms’ external search and integration activities. 
Processes and guidelines provide guidance for the aim and initiation of external search, 
for the choice of issues or questions for which answers shall be searched for outside 
firm boundaries, for the choice of external sources or partners, for the initiation and 
implementation of the interaction as well as regarding criteria for evaluation and 
mechanisms for the transfer of new knowledge inside the organization. As the amount 
of external sources and knowledge acquired can quickly attain large dimensions, search 
and integration activities can easily become opaque, difficult, and cumbersome. 
Employees may be uncertain as to if they can just engage in external search with any of 
their questions and problems. They may be uncertain with regard to which external 
partners are appropriate and with whom management appreciates interaction. Further 
they may not know what to do with knowledge they acquired, how to transfer it into the 
organization’s existing processes or project management structures. This is particularly 
so, if firms aim at raising their radical innovation performance and thus engage with 
unknown sources and tread in unknown fields. Defining clear rules, mechanisms, and 
responsibilities for conducting the search and transfer may alleviate the information 
overload of hitherto unspecified knowledge search and transfer procedures. Thus, our 
results suggest and advise managers to assist their organizations and employees by 
relying on formalization to raise the benefits of open innovation.  
 
Figure 36: Managerial recommendations - organizational structure 
Internal connectedness reflects the extent to which departments, units, and employees 
are socially integrated with each other within a firm (Jansen et al., 2005). Higher 
degrees of connectedness imply that it is easier and more common to reach out to 
respective others, to communicate and exchange thoughts, ideas, and knowledge freely. 
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This increases the efficiency of the intra-organizational knowledge transfer, which is a 
fundamental prerequisite for successful application of knowledge acquired through the 
means of open innovation (Galunic and Rodan, 1998; Lichtenthaler, 2011). Albeit not 
quite so important at lower levels of openness, it becomes a very crucial factor when 
firms increase their search breadth. According to our results, managers who intend to 
improve their firms’ ability to profit from open innovation should implement measures 
to increase their firms’ degree of internal connectedness. They need to pay attention to 
the ability of their organizations, or rather employees, to reach out to their colleagues 
easily and without cumbersome processes in order to communicate and exchange 
knowledge.  
The attitudes of an organization and its employees were found to be another crucial 
aspect for open innovation performance that managers need to be aware of. In this 
regard, management needs to assess the existence of negative attitudes towards external 
knowledge and whether their organization suffers from the “not-invented-here”-
attitude (NIH). This concerns attitudes or beliefs which are commonly shared within the 
organization and which rather disregard external knowledge inputs for the sole reason 
that they are from outside the firm (Herzog, 2008; Katz and Allen, 1982; Lichtenthaler 
and Ernst, 2006). Firms may adopt a too adverse approach towards knowledge coming 
into the organization from outside. This, in turn, may adversely influence the motivation 
to search and engage with external sources as well as the evaluation of external 
knowledge in a manner that the adoption of outside knowledge or ideas would be 
rejected solely on the ground of the fact that they are external. Eventually, this may lead 
to the false rejection of good knowledge. Our research largely confirms that the “not-
invented-here”-syndrome has negative implications for firms’ innovation success. 
Especially, when attempting to improve the radical innovation performance of firms, 
when engaging in deep external linkages, and when operating with great openness 
degrees, NIH has clearly negative effects. Managers need to identify, whether and to 
which extent their firm is affected by NIH, and implement remedies to reduce such 
overly negative attitudes.  
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Figure 37: Managerial recommendations - organizational culture 
 
External search, innovation performance and the effects of innovation strategy 
Further we investigated how the definition of a firm’s innovation objectives or strategy 
aligns with its external search efforts. Our research shows that firms’ knowledge search 
can also be facilitated by setting appropriate innovation objectives. A common 
conceptualization of innovation objectives differentiates exploitation as firms’ efforts 
to improve existing products for existing customers and markets, and exploration as the 
efforts of firms to develop new products for new customers and markets. 
Our study found that search breadth is neither positively related to exploitation nor to 
exploration. Broad search relations aim at the screening and utilization of a large and 
diverse amount of knowledge sources. Therefore, they may just be too weak and 
shallow for the pursuit of clearly defined goals. Thus, search breadth may be simply a 
general means to scan the environment broadly without the clear objective of finding 
knowledge for exploration or exploitation purposes, respectively. Depth in external 
search relations, however, was found to be appropriate for the alignment with both 
strategic objectives. Although, exploitation goals lead to a superior performance impact 
than exploration goals, both enhance the performance impact of search depth. Thus, 
managers intending to pursue a clear set of goals with their firms’ external search have 
to choose the appropriate knowledge search strategy. Search depth was found to offer 
the better choice in this respect. 
The same applies to the simultaneous pursuit of both innovation orientations (i.e. 
ambidextrous innovation strategy). Our research recommends to only aligning search 
depth with such strategic orientation. Only for search depth, ambidexterity in innovation 
objectives is performance enhancing, while search breadth suffers from the pursuit of 
too many goals. Only search depth offers the conditions to engage in versatile 
innovation endeavors and thus to pursue multiple and different innovation objectives. 
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Firms attempting to pursue multiple innovation objectives by means of open innovation 
should opt for the engagement in a sufficient amount of deep external search relations. 
 
Figure 38: Managerial recommendations - innovation strategy 
Finally, our study provides three more general conclusions for managerial practice with 
regard to external search efforts and organizational alignment. Our study reveals that the 
appropriate definition of the structural, cultural, and strategic context depends on the 
level of openness. Conditions suitable for lower openness levels turn out to be less 
beneficial for higher openness levels, and vice versa. Before managers determine the 
specifications of their firms’ organizational setting they need to assess the current 
openness levels as well as the further development – does the firm intend to further 
increase openness levels or not.   
The impact differences with regard to the different openness levels may be explained by 
the different implications of organizational conditions for actual search and for the 
subsequent knowledge integration, thus the internal knowledge transfer. What is 
beneficial for the actual search may not be beneficial for internal knowledge transfer, 
and vice versa. When openness levels are low, also the amount of knowledge is low and 
the focus may be put more on the search itself. With increasing openness and 
knowledge inputs, this may turn around, and the internal transfer comes to the fore. 
Hence, conditions once beneficial – because they facilitated search – become inferior 
because they inhibit internal knowledge transfer.  
A last general insight that this study revealed concerns the nature of structural and 
cultural variables. We built on the distinction between mechanistic and organic 
organizational settings. These represent very basic and generic characterizations of 
organizations, yet still emphasize the major aspects of how organizations function 
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(Pertusa-Ortega et al., 2010:318). Mechanistic organizations are usually associated with 
lower and rather incremental innovativeness as well as stable environments, whereas 
organic organizations are suited better to the opposite, dynamic environments in which 
change and innovation is required (Burns and Stalker, 1961; Jansen, 2005:27). The 
variables we find to be of importance, though, stem from both realms – low 
specialization and high connectedness are rather organic elements and high 
formalization rather mechanistic. Thus managers should be wary of simple 
recommendations that argue that either utmost flexibility or rigid order is the option to 
choose. Rather, it shows that an organization containing elements of both is most 
appropriate.  
 
Figure 39: Managerial recommendations - general 
 
6.3 Research limitations and further research opportunities 
Despite the thorough preparation and conduct of this research, as discussed in Chapter 
4, the present study has several limitations as well as opportunities for further research, 
which will now be discussed. First, the data were collected through self-reported 
assessments of managers. We employed several means to alleviate concerns regarding 
single-informant-bias, still issues of key informant bias and common method bias may 
have to be borne in mind when interpreting the results. Secondly, the data we employed 
for our analysis are cross-sectional in nature, which usually improves validity of results. 
Given the differences in industries’ production processes and utilization of external 
knowledge, concerns may arise regarding the establishment of causality relations and 
their respective validity. It may thus be useful to conduct analyses of the contingencies 
of just one industry with regard to the utilization and implementation of open 
innovation. Also, the firms and the respondents in the sample are all from one country: 
Germany. Yet, given that open innovation as a theme in innovation management is, 
regarding its proliferation and awareness today, a global issue, firms may differ 
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concerning the general application, the level of utilization, and the implementation 
proficiency of open innovation with regard to the country background. Future studies, 
therefore, may attempt to generate cross-country data sets.  
Also the adoption of a more longitudinal approach may bear promise for further 
insights. Firms may adopt certain organizational approaches to open innovation at one 
point, learn and gain proficiency over time, and eventually adapt their organizational 
approaches accordingly, to further improve their open innovation performance. 
Our investigation was focused on the effect of firms’ overall openness on innovation 
performance neglecting, both the differences in sources as well as the differences in 
their impact on innovation output. A differentiation of knowledge sources may provide 
further insights into the utilization of external knowledge, the effects for innovation 
performance, and the appropriate design of organizational structures, culture, and 
strategy. Utilizing knowledge from universities, for instance, may require different 
structures and may be more suitable to exploration than to exploitation objectives as 
opposed to collaborating with customers. Also, both may lead to different innovation 
results or impact on radical and incremental innovation performance differently. 
Further, it may be worth investigating to which degree individual sources contribute to 
the overall innovation performance. Not all sources may be of similar importance and 
there may be an order of sources and impact strength. And finally, these different 
sources can be again contingent upon different firm characteristics, and hence require 
different conditions with regard to organizational structure, culture, or innovation 
strategy (Bahemia and Squire, 2010, Sofka and Grimpe, 2008). 
Regarding the independent variables “search breadth” and “search depth”, it has to be 
acknowledged that both show correlations of noteworthy magnitude. Relying on the 
conceptual differentiation of both made by Laursen and Salter (2006), we believe that 
both represent distinct dimensions of firms’ external knowledge search strategies. This 
is also confirmed by the fact that the results we obtain differ to a great extent between 
breadth and depth. Most of the results for organizational structure are found for the 
breadth dimension only, whereas the strategy analysis mostly finds search depth to be 
relevant. Still, both dimensions are rather similar with regard to their computation, 
which most likely is the reason for their correlation. Future research may engage in 
efforts to detail, specify, and differentiate the concepts of search breadth and depth 
more. One way to go forward may be the utilization of approaches for measuring the 
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relationship strength (i.e. search depth) differently than through the (self-reported) 
assessment of source relevance. Network theory offers a few possible approaches worth 
considering (e.g. frequency, quality, and stability of relation). Additionally to this and 
ideally building on a more fine-grained conception of search breadth and depth, future 
research should investigate further why our results show inconsistent patterns with 
regard to the contingency conditions of breadth and depth.  
Further, our study relied exclusively on subjective performance data. Future research 
may include more objective performance measures, such as patents for the success of 
knowledge utilization, or financial performance data for the success of the firm with its 
innovation activities.  
Our research focused on contingency effects of the organizational structure, culture, and 
strategy. However, it may be necessary to include further contextual contingencies such 
as environmental and competitive dynamics. Concerning the moderation analysis, the 
analysis of three-way interactions and the analysis of third variable effects may be 
another interesting opportunity for further research. The non-significance of some of the 
variables, for instance decentralization or open mindedness, may be explained by a 
variable yet uncovered. Furthermore, for this research we adopted an understanding of 
fit and alignment as bivariate moderation. A possible further approach would be to 
adopt a more comprehensive understanding of alignment, understanding fit as co-
alignment between a variety of variables forming an overall appropriate configuration 
of organizational elements (Drazin and Van de Ven, 1985; Venkatraman, 1989; Wolf, 
2003). Such an approach would call for different methodological approaches, but would 
provide the opportunity to investigate the interaction of all variables as an overall 
organizational system (Drazin and Van de Ven, 1985:515; Wolf, 2003:347). This may 
be reasonable, as different factors may be in complementary or substitutional relation to 
each other. This applies to the different variables of organizational structure. For 
instance, there may be an ideal overall configuration of decentralization, formalization, 
and specialization. But also between the broader factors organizational structure, 
culture, and strategy, such effects may exist. As our results suggest formalization and 
connectedness to be relevant, there may be an ideal configuration of elements of 
organizational structure and culture in a manner in which the structure of an 
organization would be aligned, i.e. in fit, with its cultural characteristics. Research also 
shows that exploration and exploitation differ substantially with regard to the required 
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organizational settings (Jansen et al., 2006). Further research may adopt a more 
comprehensive view and investigate possible interactions among these variables. In 
addition, further research may examine the contingency propositions of this study with a 
multi-methodological lens. A methodological triangulation of different 
conceptualizations and operationalizations of fit may aid establishing more reliable 
insights (Venkatraman, 1989:440).  
In addition to the adoption of a different conceptual and methodological understanding 
of fit and alignment, future research may also adopt different levels of investigation. 
Many organizational phenomena are actually grounded in actions and conditions on the 
micro or project level (Rothaermel and Hess, 2007; Felin and Foss, 2005). The 
investigation on project level may enrich the understanding of how and why the factors 
of this analysis interplay. As to the assumption that some of the results, such as the non-
significance of decentralization, may be explained by third variable effects, project level 
or case study investigations may provide a suitable means to uncover such effects. 
Similarly, specialization was found to be rather negative. However this concerns 
specialization on the organizational or unit level. Future research may incorporate more 
explicitly the analysis of individual specialists or persons with the responsibility for one 
specialized task. Though much research on open innovation and its management 
implications is case-study-based, the explication of certain implications of this study 
through the means of case-study-based examinations, thereby shedding light onto 
specific processes and roles that individuals play in the search for and integration of 
external knowledge, seems to be very promising.  
Finally, future research may also differentiate external search according to knowledge 
type (e.g. tacit or explicit; distant or related). Searching knowledge which is distant 
from the current knowledge domain may require utilizing different sources on the one 
hand but may likewise require different organizational structures. Also processes of 
searching, absorbing, and utilizing knowledge may differ with regard to source and 
knowledge type. This adds to the suggestion that the investigation of open innovation 
on other than the firm level may be another fruitful research endeavor. 
Despite these limitations and demands for further research, we believe that our study 
has provided valuable insights for both academic research and management practice. 
The investigation of firms’ external knowledge search and the contingency conditions 
for its performance effects adds to theoretical knowledge about firms’ open innovation 
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activities, and aids managers in their efforts to implement open innovation successfully. 
The results of our study provide ground for an ongoing and more differentiated 
examination of the conditions suitable for external knowledge utilization and the 
interactions between the organizational settings and external knowledge search 
practices. We confirm that firms benefit from searching widely and deeply for 
knowledge in their environment and acknowledge the importance of an appropriate 
alignment of firms’ search efforts and their organizational characteristics. We show that 
firms have substantial means to increase their potential to benefit from the application 
of open innovation.  
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Appendix 
Appendix 1: Survey questionnaire 
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Appendix 2: Invitation to survey and reminder mailings 
 
Einladung zur Umfrage im Forschungsprojekt RWTH-Innovationsmonitor 
 
Sehr geehrte(r) Frau / Herr XYZ, 
vielen Dank für Ihr grundsätzliches Interesse an einer Teilnahme an unserem 
Forschungsprojekt RWTH-Innovationsmonitor. 
Ziel dieses Projekts und der Umfrage, ist die Identifikation von Managementansätzen 
und -praktiken zur Steigerung der Innovationsfähigkeit und letztlich des 
Innovationserfolgs von Unternehmen. 
In diesem Jahr steht dabei die Öffnung des Innovationsprozesses durch Einbeziehung 
externer Akteure in den Innovationsprozess – Open Innovation – im Mittelpunkt. Das 
Konzept wird derzeit sowohl in Wissenschaft als auch Praxis mit einer überaus 
positiven Grundstimmung aufgenommen. Man könnte darin fast ein Allheilmittel 
vermuten, von dem mehr immer besser ist. Jedoch sind nicht alle Unternehmen mit 
Open Innovation erfolgreich. Ziel unserer Untersuchung ist es, zu identifizieren, wie 
Unternehmen von der Integration externen Wissens durch eine entsprechende 
Abstimmung mit internen Fähigkeiten, Praktiken und Prozessen profitieren können. 
Unsere Studie richtet sich primär an Personen des Managements mit Bezug zu Themen 
und Fragestellungen aus den Bereichen Innovationsmanagement, 
Neuproduktentwicklung, oder Forschung und Entwicklung. Aufgrund Ihrer Erfahrung 
und Position innerhalb der Firma XYZ, möchten wir Sie hiermit bitten, uns im Rahmen 
der Untersuchung RWTH-Innovationsmonitor Auskunft zu geben bezüglich Themen 
der Unternehmenskultur, Organisationsstrukturen, Personalmanagement und F&E-
Projektmanagement.  
Wir versichern Ihnen absolute Vertraulichkeit im Hinblick auf Ihre Angaben und deren 
Verwendung dient einzig wissenschaftlichen Zwecken.  
Erfahrungsgemäß benötigt die Beantwortung der Umfrage 25-30 Minuten, die sich 
auch etappenweise erledigen lässt, und ebenso Vorteile für Sie birgt: 
 
 Sie haben Gelegenheit, einen Beitrag zu einer wesentlichen Forschungsarbeit 
zu leisten, welche die Diskussion um das Konzept Open Innovation nachhaltig 
prägen soll. Unser Forschungsvorhaben wird unterstützt durch die Deutsche 
Forschungsgesellschaft (DFG) und dem Bundesministerium für Bildung und 
Forschung (BMBF).  
 Sie erhalten einen individuellen Benchmarking-Bericht für Ihr Unternehmen, 
der Aufschluss gibt über Ihren Öffnungsgrad relativ zu Unternehmen Ihrer 
Branche sowie Empfehlungen zu komplementären Management- und 
Organisationspraktiken, durch die Ihr Unternehmen mehr von Open 
Innovation-Strategien profitieren kann.  
 Zudem spenden wir für jede Teilnahme an unserer Studie 5€ an MISEREOR.  
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Für weitere Information sowie für die Teilnahme an der Umfrage folgen Sie bitte dem 
Link: ###### 
Sollten Sie weitere Fragen zu dieser Forschungsarbeit haben, stehen Ihnen meine 
Mitarbeiter Christoph Ihl (######) und Philipp Wagner (######) gerne jederzeit zur 
Verfügung.  
Nochmals vielen Dank für Ihre Unterstützung dieses Forschungsprojekts, an das wir 
große Erwartungen legen. 
 
Mit freundlichen Grüßen 
 
 
Professor Dr. Frank Piller 
Dr. Christoph Ihl 
Philipp Wagner 
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Erstes Erinnerungsschreiben: Einladung zur Umfrage im Forschungsprojekt RWTH-
Innovationsmonitor 
 
Sehr geehrte(r) Frau / Herr XYZ, 
 
wir möchten Sie hiermit gerne an unser Schreiben bezüglich der Umfrage RWTH- 
Innovationsmonitor vom xx.xx.xxxx erinnern und Sie um Ihre Unterstützung und 
Teilnahme hierbei bitten. 
Wir konnten bisher bereits die Teilnahme zahlreicher Unternehmen und Manager 
verzeichnen, jedoch freuen wir uns nach wie vor über jede weitere Auskunft, welche 
die  Qualität und Validität unserer späteren Erkenntnisse stärken wird. Ebenso 
profitieren Sie von einer größeren Informationsbasis, denn diese ermöglicht die valide 
Erstellung eines Benchmarking. 
Die Studie richtet sich an Personen aus dem Management in den Bereichen 
Innovationsmanagement, Neuproduktentwicklung, oder Forschung und Entwicklung. 
Wir versichern Ihnen absolute Vertraulichkeit im Hinblick auf Ihre Angaben und deren 
Verwendung dient einzig wissenschaftlichen Zwecken.  
Wir freuen uns über Ihre Teilnahme und stehen Ihnen bei Fragen zur Studie und 
Umfrage auch gerne persönlich zur Verfügung. Bitte wenden Sie Sich hierfür gerne an 
meine Mitarbeiter Christoph Ihl (######) und Philipp Wagner (######). 
 
Weitere Information sowie den Zugang zur Umfrage finden Sie unter diesem Link: 
###### 
 
 
Mit freundlichen Grüßen 
 
 
Professor Dr. Frank Piller 
Dr. Christoph Ihl 
Philipp Wagner 
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Zweites Erinnerungsschreiben: Einladung zur Umfrage im Forschungsprojekt RWTH-
Innovationsmonitor 
 
Sehr geehrte(r) Frau / Herr XYZ, 
 
wir möchten Sie hiermit gerne an unser Schreiben vom xx.xx.xxx sowie unser Telefonat 
vom xx.xx.xxx bezüglich der Umfrage RWTH Aachen Innovationsmonitor erinnern. Im 
Rahmen der Studie RWTH-Innovationsmonitor untersuchen wir die Voraussetzungen 
für erfolgreiche Innovation und wir möchten Sie um Ihre Unterstützung und Teilnahme 
hierbei bitten. 
 
Im Mittelpunkt steht das immer wichtiger werdende Thema Open Innovation, also die 
Nutzung externen Wissen zur Steigerung der Innovationsfähigkeit von Unternehmen. 
Externe Quellen können mit ihrem Wissen einen erheblichen Beitrag hierbei leisten, 
jedoch brauchen Unternehmen auch entsprechende Fähigkeiten und Prozesse, um 
dieses Potential erfolgreich zu nutzen. Die Identifikation dieser stellt einen zentralen 
Erfolgsbestandteil dar. Um hier zu relevanten Erkenntnissen zu kommen richten wir 
uns mit unserer Studie an Personen aus den Bereichen Innovationsmanagement, 
Neuproduktentwicklung, oder Forschung und Entwicklung und zielen auf Aspekte der 
internen Organisation des Innovationsmanagement ab. 
 
Wir versichern Ihnen absolute Vertraulichkeit im Hinblick auf Ihre Angaben und deren 
Verwendung dient einzig wissenschaftlichen Zwecken. Als Nutzen für Sie bieten wir 
Ihnen einen umfassenden Benchmarking-Report, der es Ihnen ermöglicht, ihr 
Unternehmen und die Organisation des Innovationsmanagement in den Vergleich zu 
stellen und Auskunft über weitere mögliche Ansätze für das erfolgreiche 
Innovationsmanagement zu erhalten. 
 
Wir freuen uns über Ihre Teilnahme und stehen Ihnen bei Fragen zur Studie und 
Umfrage auch gerne persönlich zur Verfügung. Bitte wenden Sie Sich hierfür gerne an 
meine Mitarbeiter Christoph Ihl (######) und Philipp Wagner (######). 
 
Weitere Information sowie den Zugang zur Umfrage finden Sie unter diesem Link:  
###### 
 
Sollten Sie nicht an der Studie teilnehmen wollen, möchten wir die erneute Anfrage zu 
entschuldigen bitten. 
 
 
 
Mit freundlichen Grüßen 
 
Professor Dr. Frank Piller 
Dr. Christoph Ihl 
Philipp Wagner 
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Appendix 3: Investigation of sample for non-response-bias 
 
Comparison of respondents and non-respondents 
Coeffi cient S.E.
LN_Age 0.02 0.04
LN_Asset 0.56***      0.09
LN_Employees 0.28***       0.05
Revenues -661.42    44758.24
Return on Sales 0.54 1.83
Profit -809.34       3780.73
Return on Equity -5.71        5.36
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
Complete
Variable
 
 
Comparison of late and early-respondents 
Coefficient S.E.
LNR_INN -0.08 0.15
LNR_NEW -0.02 0.13
LNR_IMPR -0.11 0.13
Breadth 0.42** 0.19
Depth 0.31 0.25
Formalization 0.07 0.12
Specialization 0.13 0.12
Decentralization 0.01 0.05
Exploration 0.10* 0.06
Exploitation 0.11** 0.05
Ambidexterity -0.07* 0.04
NIH -0.09 0.08
Open Mindedness -0.03 0.08
Internal Connectedness -0.03 0.08
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
Variable
Late
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Appendix 4: Measures overview32 
Organizational structure 
Specialization (based on Gibson and Birkinshaw, 2004; Volberda 1996, 1998) 
 Innovation activities in our company were separated into different functional 
 areas  (e.g. basic research, application-oriented research/development; products; 
 regions). 
(1 = strongly disagree, 5 = strongly agree) 
Separation (based on Gibson and Birkinshaw, 2004; Volberda 1996, 1998) 
 Innovation activities in our company were structurally separated from other 
 functions (e.g. Marketing, Sales, Production). 
(1 = strongly disagree, 5 = strongly agree) 
Formalization (adapted from Desphandé and Zaltman, 1982; Jansen et al., 2005; 
Pertusa-Ortega et al, 2010) 
 Innovation activities in our company were based on strict process steps and 
 detailed task descriptions. 
(1 = strongly disagree, 5 = strongly agree) 
Decentralization (adapted from Mahr and Kretschmer, 2009) (α = 0.723) 
 At which levels decisions regarding the following aspects were usually made? 
The prioritization of innovation projects 
The coordination of innovation projects  
The allocation of specific innovation tasks  
The utilization of specific innovation methods, -procedures and –instruments 
(1 = team members, 2 = team leader, 3 = head of department, 4 = top management 
level) 
Organizational culture 
Open mindedness (adapted from Baker and Sinkula, 1999) (α = 0.772) 
Managers in our firm did not resent their opinions being contested by their employees. 
In our firm mistakes were tolerated and seen as learning opportunity. 
Managers in our firm motivated employees to think outside the box. 
(1 = strongly disagree, 5 = strongly agree) 
                                                 
32
 Measure validity was assessed using Cronbach’s alpha (Cronbach, 1951) when applicable. 
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Internal connectedness (adapted from Jaworski and Kohli, 1993 ) (α = 0.714) 
In our firm it was easy to always approach colleagues irrespective of their hierarchical 
position.  
Informal conversations among employees of different units and departments were a 
usual occurrence in our firm. 
(1 = strongly disagree, 5 = strongly agree) 
NIH (adapted from Herzog, 2008) (α = 0.423)  
Our employees very often favored internal to external knowledge. (R) 
Our employees treated external and internal knowledge always similar, crucial was the 
respective quality. 
(1 = strongly disagree, 5 = strongly agree) 
Innovation strategy 
Exploration (adapted from He and Wong, 2004) (α = 0.537) 
Extend product range 
Open up new markets 
Increase of market share 
Exploitation (adapted from He and Wong, 2004) (α = 0.56) 
Improve existing product quality 
Exchange of old products 
Improve of production flexibility 
Reduce production costs 
(1 = no importance, 4 = high importance) 
External Search 
Breadth (adapted from Laursen and Salter, 2006)  
Other internal units  
Suppliers 
Customers 
Competitors 
Private research institutes and commercial laboratories 
Universities and other higher education institutions 
Public research institutes 
Consultants and open innovation intermediaries (e.g. Innocentive, NineSigma etc.) 
Public information (e.g. patent disclosures, industry specific literature, scientific 
publications, company reports etc.) 
Official events (e.g. exhibitions and fairs, professional workshops and conferences, 
trade associations etc.) 
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(Breadth is measured by the amount of sources used) 
Depth (adapted from Laursen and Salter, 2006)  
Depth is the amount of sources being assigned high importance. 
Source importance is evaluated from on a scale 0 = not important / not used to 3 = high 
importance. 
Innovation performance 
NEW (radical innovation performance) 
Share of turnover from products new to the market and products new to the firm. 
 
IMPR (incremental innovation performance) 
Share of turnover from products that were significantly improved. 
 
INN (overall innovation performance) 
 Share of turnover from incremental as well as radical innovations. 
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Appendix 5: Descriptive statistics and bivariate correlation tables for the analyses 
I: Analysis of external search and innovation performance 
Descriptive statistics for the analysis of external search breadth and depth 
Variable No. of obs. Mean S.D. Min Max
LNR_INN 370 2.78 1.48 0 4.62
LNR_IMPR 370 2.15 1.33 0 4.62
LNR_NEW 370 2.12 1.30 0 4.39
LNR_AGE 370 3.16 0.89 1 5
LNR_EMP 370 5.35 1.17 1.38 9
AC 370 0.39 0.21 0 0.86
Breadth 370 7.88 1.91 0 10
Depth 370 4.84 2.43 0 10
 
 
 
Bivariate correlations for the analysis of external search breadth and depth 
1 2 3 4 5 6 7 8
 1 LNR_INN 1
 2 LNR_IMPR 0.9110** 1
 3 LNR_NEW 0.8948** 0.690** 1
 4 LN_Age -0.0428 -0.0263 -0.0497 1
 5 LN_Emp 0.1632** 0.1589** 0.1510** 0.1927** 1
 6 AC 0.4654** 0.4331** 0.4397** -0.1520** 0.3046** 1
 7 Breadth 0.1928** 0.1975** 0.1840** -0.0432 0.2053** 0.3395** 1
 8 Depth 0.2485** 0.2456** 0.2200** -0.0109 0.2348** 0.38376** 0.7580** 1
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II: Analysis of the moderation effects of organizational structure 
Descriptive statistics for the analysis of organizational structure variables 
Variable No. of obs. Mean S.D. Min Max
LNR_INN 365 2.80 1.46 0 4.62
LNR_IMPR 365 2.17 1.32 0 4.62
LNR_NEW 365 2.13 1.29 0 4.39
LNR_AGE 365 3.16 0.90 1 5
LNR_EMP 365 5.35 1.17 1 9
Breadth 365 7.94 1.78 3 10
Depth 365 4.87 2.40 0 10
Specialization 365 2.03 1.17 1 5
Separation 365 2.33 1.17 1 5
Formalization 365 2.29 1.16 1 5
Decentralization 365 1.84 0.54 1 4
 
 
Bivariate correlations for the analysis of organizational structure variables 
1 2 3 4 5 6 7 8 9 10 11
 1 LNR_INN 1
 2 LNR_IMPR 0.908** 1
 3 LNR_NEW 0.8919** 0.6823** 1
 4 LN_Age -0.0407 -0.0423 -0.0481 1
 5 LN_Emp 0.1558** 0.1522** 0.1432** 0.1931** 1
 6 Breadth 0.1389** 0.1539** 0.1373** -0.0396 0.2020** 1
 7 Depth 0.2249** 0.2249** 0.1994** -0.0087 0.2283** 0.7578** 1
 8 Separation 0.0557 -0.0369 -0.0519 -0.0237 0.0741 -0.0776 -0.0264 1
 9 Specialization -0.0644 -0.0725 -0.0642 0.0075 0.0714 0.0847 0.1280** 0.4451** 1
10 Formalization 0.1426** 0.1519** 0.1208** -0.0105 0.1641** 0.1607** 0.2205** 0.0933 0.2610** 1
11 Decentralization 0.1299* 0.1491** 0.1030* -0.0496 0.1696** 0.1950** 0.1532** -0.0100 0.0885 0.1522 1
 
189 
 
III: Analysis of the moderation effects of organizational culture 
Descriptive statistics for the analysis of organizational culture variables 
Variable No. of obs. Mean S.D. Min Max
LNR_INN 365 2.80 1.46 0 4.61
LNR_IMPR 365 2.17 1.32 0 4.61
LNR_NEW 365 2.13 1.29 0 4.39
LNR_AGE 365 3.15 .90 1.09 5.25
LNR_EMP 365 5.35 1.17 1.38 9.11
LNR_EXPIN 365 1.24 0.84 0 4.61
Breadth 365 7.94 1.78 3 10
Depth 365 4.87 2.40 0 10
NIH 365 3.05 0.80 1 5
Open Mindedness 365 3.63 0.83 1 5
Connectedness 365 4.22 0.78 1 5
 
 
Bivariate correlations for the analysis of organizational culture variables 
1 2 3 4 5 6 7 8 9 10 11
 1 LNR_INN 1
 2 LNR_IMPR 0.9088** 1
 3 LNR_NEW 0.8919** 0.6823** 1
 4 LN_Age -0.0400  -0.0243 -0.0481 1
 5 LN_Emp 0.1558** 0.1522** 0.1432** 0.1931** 1
 6 LN_EXPIN 0.3934** 0.3808** 0.4073** -0.1487 0.0466 1
 7 Breadth 0.1389** 0.1539** 0.1373** -0.0396 0.2020** 0.2108** 1
 8 Depth 0.2249** 0.2249** 0.1994** -0.0087 0.2283** 0.2232** 0.7578** 1
 9 NIH  -0.0655 -0.0429 -0.0427 0.0279 0.0031 -0.0552 -0.0148 -0.0400 1
10 Open mindedness 0.2151** 0.2106** 0.1701** -0.0534 -0.0156 0.1393** -0.0396 -0.0025 -0.1460** 1
11 Connectedness 0.1583** 0.1646** 0.1066 -0.0438 0.0085 0.1057 -0.0478 0.0062 -0.0586 0.5319** 1
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IV: Analysis of the moderation effects of innovation strategy 
Descriptive statistics for the analysis of innovation strategy 
Variable No. of obs. Mean S.D. Min Max
LNR_INN 365 2.80 1.46 0 4.61
LNR_IMPR 365 2.17 1.32 0 4.61
LNR_NEW 365 2.13 1.29 0 4.39
LNR_AGE 365 3.15 0.90 1.09 5.25
LNR_EMP 365 5.35 1.17 1.38 9.11
Breadth 365 7.94 1.78 3 10
Depth 365 4.87 2.40 0 10
Exploration 365 2.25 0.58 0 3
Exploitation 365 2.13 0.52 0.25 3
Ambidexterity 365 0.07 0.39 -1.4 3.1  
  
Bivariate correlations for the analysis of innovation strategy 
 
1 2 3 4 5 6 7 8 9 10
 1 LNR_INN 1
 2 LNR_IMPR 0.9088** 1
 3 LNR_NEW 0.8919** 0.6823** 1
 4 LN_Age -0.0407 -0.0244 -0.0482 1
 5 LN_Emp 0.1558** 0.1522** 0.1432** 0.1931** 1
 6 Breadth 0.1389** 0.1539** 0.1373** -0.0396 0.2020** 1
 7 Depth 0.2249** 0.2249** 0.1994** -0.0088 0.2283** 0.7578** 1
 8 Exploration 0.2330** 0.2261** 0.2098** 0.0302 0.0487 0.2408 0.2807 1
 9 Exploitation 0.1349** 0.1602 0.0703** 0.0953 0.0432 0.2188** 0.3057** 0.2304** 1
10 Ambidexterity -0.1250 -0.1010** -0.1356 0.0111 -0.0335 -0.0533 -0.0775 -0.2051** -0.1371 1
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Appendix 6: Predicted relationship and partial effects of search breadth on incremental 
and radical innovation performance 
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Appendix 7: Predicted relationship and partial effects of search depth on incremental 
and radical innovation performance 
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Appendix 8: Statistical significance of partial effects by degree of specialization 
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Appendix 9: Statistical significance of partial effects by degree of separation 
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Appendix 10: Statistical significance of partial effects by degree of formalization 
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Appendix 11: Statistical significance of partial effects by degree of internal 
connectedness for search breadth and incremental innovation performance 
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Appendix 12: Statistical significance of partial effects by degree of “not-invented-here” 
for search depth and overall innovation performance  
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Appendix 13: Analysis of marginal effects for search depth and breadth with regard to 
radical innovation performance   
 
 
Level of partial effect of external search depth for radical innovation performance  by degree of 
"not-invented-here"-attitudes 
 
 
 
Level of partial effect of external search breadth for radical innovation performance by degree of 
"not-invented-here"-attitudes 
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Appendix 14: Statistical significance of partial effects by degree of “not-invented-here” 
for search depth and radical innovation performance 
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Appendix 15: Statistical significance of partial effects by degree of “not-invented-here” 
for search breadth and radical innovation performance 
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Appendix 16: Tobit regression, relationship between search breadth and depth and degree of innovativeness - moderation effect of exploration 
and exploitation orientation 
Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E. Coefficient S.E. Coefficient S.E.
Constant -9.408***    3.482 -0.513         0.980 -3.977        2.455 0.393 1.013
LN_AGE -0.256*       0.144 -0.318**       0.146 -0.320**       0.152 -0.366**       0.153
LN_EMP 0.273**      0.114 0.259**       0.116 0.270**      0.121 0.276**       0.122
ind1 0.417 0.588 0.545 0.606 -0.102         0.627 0.044 0.635
ind2 1.048***     0.376 1.036***       0.388 0.482 0.399 0.467 0.404
ind3 -0.253         0.439 -0.370         0.445 -0.377         0.460 -0.475         0.463
ind4 1.347***     0.405 1.316***      0.417 1.019**       0.429 1.000**       0.434
ind5 0.276 0.535 0.269 0.546 0.112 0.564 0.130 0.570
ind6 0.816 0.536 0.595 0.537 1.203**       0.564 0.910 0.557
Breadth 2.477*** 0.900 1.218* 0.640
Breadth2 -0.145**      0.060 -0.069         0.044
D_Exploration 8.733**     3.958 5.125 3.229
Breadth x d_exploration -2.039* 1.092 -1.026         0.919
Breadth2 x d_exploration 0.112 0.073 0.047 0.063
Depth 0.522*        0.288 0.292 0.298
Depth2 -0.037         0.030 -0.020         0.032
D_Exploration 2.246**        0.885 2.249**        0.910
Depth x d_exploration -0.912**       0.406 -0.793*         0.421
Depth2 x d_exploration 0.073*         0.042 0.060 0.044
No of obs. 156 156 156 156
Left-censored obs.
Right-censored obs.
Log likelihood -246.197 -252.228 -258.716 -261.233
Chi-square
Pseudo R
2
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
NEW
III IV V VI
IMPR IMPR NEW
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Appendix 17: Statistical significance of partial effects of external search breadth by 
degree of ambidexterity 
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Appendix 18: Statistical significance of partial effects of external search depth by 
degree of ambidexterity 
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Appendix 19: Tobit regression, relationship between search breadth and depth, and incremental and radical innovation performance - sample 
specialized and ambidextrous strategies 
Relationship between search breadth and depth and different degrees of innovativeness - sample specialized strategies 
Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E. Coefficient S.E. Coefficient S.E.
Constant -3.799** 1.901 0.600 0.872 -1.873 1.672 1.565* 0.906
LN_AGE -0.262* 0.146 -0.304** 0.149 -0.321** 0.154 -0.357** 0.155
LN_EMP 0.305*** 0.116 0.267** 0.118 0.305** 0.122 0.284** 0.124
ind1 0.561 0.600 0.495 0.615 0.062 0.635 0.014 0.644
ind2 0.914** 0.381 0.920** 0.392 0.344 0.401 0.320 0.408
ind3 -0.343 0.440 -0.372 0.451 -0.463 0.462 -0.535 0.469
ind4 1.161*** 0.412 1.203*** 0.422 0.898** 0.433 0.902** 0.439
ind5 0.124 0.540 0.126 0.552 0.026 0.569 -0.022 0.574
ind6 0.497 0.533 0.351 0.538 0.850 0.556 0.623 0.556
Breadth 1.143** 0.465 0.842** 0.399
Breadth2 -0.070** 0.032 -0.055** 0.028
Depth 0.088 0.203 -0.086 0.210
Depth2 -0.003 0.021 0.008 0.022
No of obs. 156 156 156 156
Left-censored obs. 32 32 33 33
Right-censored obs. 2 2 0 0
Log likelihood -251.320 -256.073 -262.166 -264.676
Chi-square 49.12*** 39.62*** 59.76*** 54.74***
Pseudo R
2
0.08 0.07 0.1 0.09
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
NEW
III IV V VI
IMPR IMPR NEW
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Relationship between search breadth and depth and different degrees of innovativeness– sample ambidextrous strategies 
Model
Dependent variables
Independent variables Coefficient S.E. Coefficient S.E. Coefficient S.E. Coefficient S.E.
Constant -2.456 2.515 0.375 0.833 -1.865 2.368 0.332 0.812
LN_AGE -0.039 0.126 -0.069 0.123 -0.064 0.123 -0.080 0.121
LN_EMP 0.102 0.097 0.082 0.095 0.130 0.095 0.112 0.093
ind1 -0.358 0.633 -0.500 0.621 0.449 0.619 0.318 0.609
ind2 0.233 0.350 0.068 0.343 0.745** 0.343 0.617* 0.337
ind3 -0.85450** 0.395 -1.092*** 0.384 -0.159 0.386 -0.338 0.375
ind4 0.176 0.398 0.008 0.392 0.527 0.390 0.410 0.385
ind5 0.322 0.534 0.138 0.522 1.208* 0.522 1.039** 0.512
ind6 0.81126* 0.438 0.593 0.418 0.566 0.429 0.405 0.411
Breadth 1.014 0.638 0.642 0.604
Breadth2 -0.057 0.042 -0.031 0.040
Depth 0.578** 0.240 0.266 0.233
Depth2 -0.037* 0.020 -0.009 0.020
No of obs. 137 137 137 137
Left-censored obs. 18 18 20 20
Right-censored obs. 2 2 0 0
Log likelihood -221.903 -218.743 -219.453 -216.900
Chi-square 36.26*** 42.58*** 26.68*** 29.78***
Pseudo R
2
0.07 0.08 0.05 0.06
Two-tailed t -test applied.  * p < 0.10, ** p < 0.05, *** p < 0.01
NEW
III IV V VI
IMPR IMPR NEW
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